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FOREWORD

Since 1963, the Human Resources Research Organization has conducted extensive
research on the perceptual skills required of operators of man-ascendant air defense
weapons. Such weapon systems are visually sighted and frequently have no auxiliary
electronic systems for use in identifying or estimating the range of low flying afreraft.

Following on preliminary Exploratory Studies, a majority of the HumRRO research
on the visual detection, recognition, and ranging of low-flying aircraft was accomplished
under Work Units STAR and SKY¥IRE. A number of HumRRO Technical Reports
documented various phases of these extensive programs of applied research on perceptual
performance and training.

The present report was prepared as a sour~e document that summarizes most of the
HumRRO research, as well as contemporary applied research conducted by other human
factors groups in these areas. [t encompasses all the known contemporary urclassified
research on the subject.

The research was performed at HfumRRO Division No. 5, Fort Bliss, Texas. The
author, Dr. Robert D. Baldwin, was Director of Division No. 5 during the 1962-1970
period when most of the research reported here was accomplished. Dr. Albert L. Kubala
is the present Director of the Division. Dr. Baldwin prepared the present document, with
critical reviews contributed by Dr. Kubala, Dr. Elmo E. Miller, and Dr. Paul G. Whitmaore,
all of Division No. 5.

Military support throughout the period of these research projects was provided by
the U.S. Army Air Defense Human Research Unit. LTC Frank D. Lawler is the present
Military Chief.

HumRRO research for the Department of the Army is conducted under Contract
DAHC 19-73-C.0004. Army  Training  Research s conducted  under  Army  Project
290621077135,

Mueredith P Crawford
President
Human Resources Research Organracon




SUMMARY

BACKGROUND

During the past 10 years, there has been a substantial investment in research
concerning the abilities of ground observers to detect, identify, and estimate the distance
of low-flying aircraft. In that period, extensive programs of research on perceptual
abilities have been conducted at HumRRO Division No. 5 for the U.S. Ammy, and a
number of technical reports documenting the various phases of these programs have been
published. The present repcrt was prepared as a source document, summarizing most of
this HumRRO work, as well as the rescarch conducted in these areas by other human
factors research groups. These cexperimental and analytical studies originally were
described in separate, isolated reports. The purpose of this summary presentation is to
integrate and cvaluate the available unclassified information concerning (a) visual detec-
tion performance, (b) aircraft recognition ability and training methods, and (¢) visual
ranging ability against low-flying aircraft. )

VISUAL DETECTION

Five major field experiments were conducted during 1960-1965 in the Southwest
United States and in Germany to evaluate man's ability to visually detect low-flying jet
aircraft. These experiments used varied periods of ecarly warning, different sizes of search
sector, and different conditions for aided and unaided viewing,

Collectively, these experiments indicated that there was a strong deterministic
relationship between the range at which an aircraft was detected and the accuracy of the
carly warning data provided. Detection ranges of less than 2,000 meters occurred when
search sectors of 180" to 360" were used and no information was provided concerning -
expected time of appearance. At the other extreme, detection ranges exceeding 12,000
meters occurred when 57 sectors were used and accurate information conceming “attack™
time was available.

The use of hand-held hinoculars during surveillance tasks did not facilitate detection.
In fact, when nearby terrain features blocked the view of the distant horizon, detection
with visual aids occurred later than when unaided search was used.

Aircraft altitude and the observer's location also influenced detectability. Aireraft at
500 .feet tended to be seen sooner than those at 1,500 feet and observers who were
offset from the flight path tended to make detections sooner.

" The limited research on search techniques has yielded equivocal results. Attempts to
teach observers specific structured or systematic methods of sky search aided some
persons, but hampered the effectiveness of others. There was a suggestion from the data
that instruction on systematic search methods did increase the effectiveness of persons
with average or helow average visual cofficiency. However, such training may have inter-
fered with established searching patterns developed by people with highly efficient visual

systems.

VISUAL RECOGNITION ABILITY

Research concerning aireraft recognition  ability  consists of two  full-seale studies
using a small number of actunl aireraflt and two reduced-seale or mininturized ficld studies

i
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using a larger variety of model aireraft, These studies were concerned with evaluating
man’s accuracy in recognizing aircraft, and with determining the distance to the zireraft
at the time it is recognized.

The full-scale tests were accomplished in conjunction with visual detection tests. As
a result, the distances at which the aircraft were recognized were affected by the
conditions established for visual detection as well as the recognition skills of the
observers. One full-scale Llest, which used large scarch sectors and no early warning,
obtained average recognition ranges of about 900 meters. On the other hand, when small
search sectors and fairly accurate early warning - were emploved in another test, the
average recognition range was 1,000 meters.

A miniaturized test, which used about a dozen different aireraft models, obtained
even greater recognition ranges—as great as 10,000 meters for some multiengined aircraft.
Although “professional™ observers were used, the results of that test, coupled with the
results of the full-scale tests, suggest that recognition range varies with recognition
accuracy. That is, the more highly motivated and trained observers tend to recognize
aircraft sooner as well as with greater accuracy. This inference from the collective results
of all the tests seems to run counter to a common-sense expectation that accuracy should
be inversely related to aireraft distance.

Another miniaturized ficld test evaluated the recognition performance of ersw chiefs
working with and without the assistance of forward observers. This test also provided
interesting but conflicting results, ‘The forward ohscerver’s preliminary judgments concern-
ing an aircraft’s identity scemed to facilitate the recognition decisions of some crew
chiefs, but interfered with the decisions of others. In many instances, crew chiefs made
their decisions before receiving the supposedly advanced input from the forward observer.

Optical aids have been found to inerease the distance at which an aircraft s
recognized. Even though optics may interfere with initial detection, they do increase the
visihility of the distinguishing features by which aireraft are diseriminated.

AIRCRAFT RECOGNITION TRAINING

The principal aircraft recognition training method available in the early 1960s was
hasically unchanged from that used by U.S. armed [orces in World War 11, The method
consisted of a dubious mixture of techniques based upon diametrically opposed congepts
concerning shape for form discrimination learning. One concept, proposed in the 19.10s
by Samuel Renshaw, cmphasized learning to recogrize whole shapes or images that were
presented to students for very brief time intervals by means of tachistoscopes, A second.
opposed, concepl emphasized the learning of the component parts of aireraft, Called
“WEFT” it employed the technical terms used by the aviation industry for describing
the Wings, Engines, Fuselage, and Tail assemblices.

Although research results refuting the claimed advantages of the Renshaw *whole
image” approach were available during World War 1L they were largely buried in retired
files and were only recently brought to light again. Towever, in the mid-1960s, HumRRO
psychologists began cvaluations of alternative methods for teaching aireraft recognition.
These evaluations indicated that the mixture of concepts that had evolved from experi-
ence in World War 11 did not produce the level of recognition proficiency desived by the
armed forees,

v



As a result of extensive applied rescarch, a set of techniques and training aids were
identified that would produce the desired proficiency levels—the Ground Observer Air-
craft Recognition (GOAR) method, The GOAR techniques emphasize the initial learning
of aircraft features that distinguish one shape from another, followed by discrimination
training in which pairs of similar aircraft are viewed simultancously, and culminating in
recognition practice with single images presented successively using a stimulus-response-
feedback paradigm. Throughout this learning cycie, esoteric technical descriptors and
extremely short viewing intervals are avoided.

Additional research was performed to evaluate training methods for self-study use
that used printed images rather than optical projection of aircraft forms. This research
indicated that the GOAR techniques originally developed for classroom use were also
optimal for sclf-study applications.

RANGE ESTIMATION

Much of the past research on distance estimation has been concerned with judging
the range to ground-based objects, Very litlle was known about observers® accuracy in
judging the distance 10 moving zerial objects. An extensive series of studies was begun by
HumRRO in 1965 on measuring estimation accuracy, evaluating training methods, using
simple stadimetric aids for ranging, and identifying factors that affect accuracy in judging
the sizes and distances of ohjects.

Training techniques that used cueing and knowledge of results were evaluated, but
they were found to produce less accuracy than was obtained by using stadimetric aids in
an “open fire” cvent that was judged by comparing the apparent size of the target with
the size of a reference or stadia rod.

Field tests of ranging errors without stadia references indicated that judgmental
errors varied with the distance to be estimvated.

For distances beyond 3.000 meters. observers judged the aireraft to be more distant
than was actually the case (an overestimation): however, for distances less than 1,400 to
1,500 meters the aireraft range tended to be underestimated (i.c., aircraft was erroneously
judged as nearer),

Factors such as observer offset, aircraft altitude, and illumination were evaluated. In
one study, error magnitude deercased as offset increased. Although illumination did not
affect accuracy, target altitude did. Error magnitude both with and without stadimetric
aids was not equal for incoming and outgoing directions.

Considerable rescarch was done on the use of miniaturized training facilities in
which 1:50-scale model aireraft were moved toward and away from the observers. Most
of this research concerned the use of stadimetrie ranging aids for estimating open and
cease-fire events, These experiments indicated that reduced-scale training was effective
when measured by stadimetric acceuracy in a full-scale environment involving actual
aireraft. o

Retention of staclimetric ranging skill 30 days following reduced-scale training also
was of acceptable acceuracy for judging the “open fire™ events on inbound aircraft, but
errors of 200 meters in judging a 1,500-moter “cemse fire™ event occeurred. This tendency
for crrors to be greater for outhound than inhourd flights was found in most of the ficld
tests, Rescarch is currently under way in HHumR RO Basic Research Program 16 to
identify the factors thal cause orrors in stadimetrie ranging,
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INTRODUCTION

In the past decade, there has been a substantial investment in research on the
perceptual abilities of ground observers to detect, identify (or recognize), estimate the
range of, and engage low-flying aircraft.

In order to escape detection and engagement by radar-controiled air defense systems,
aerial attack tactics have emphasized the use of low altitude penetration and bombard-
ment procedures. To counter such attack procedures, the U.S. Army established require-
ments for the development and deployment of low altitude air defense systems. Becaus
contemporary radar systems are unable to discriminate aircraft from adjacent terrain, the
new low altitude air defense systems were dependent upon the human cperator for the
localization and identification of attacking aircraft. Many of these systems also depended
upon n-an’s dgment as to when the aircraft was within the engagement envelope o, the
defend _g weapon.

With the advent of such low altitude weapons, military planners and training
agencies needed information concerning the limits of man’s ability to accomplish the
required perceptual tasks. Operations research otganizations, both civilian and military,
ne led a data bank from wuich to draw information concerning human capabilities in
this area. Military trainers needed t know the limits of human perceptual chility, and to
acquire in ormation on techniques for maximizing those human abilities in the detectior,
recognition, aad range cstimetion tasks.

Fer the mose part, e evperamental and analytical studies that resulted from these
requirements have been reported in sepatate technical reports issued by various in-service
ana contract ageacies, Each individual experiment or study, therefore, tends to stand in
isolation. The purpose of the preseni report 8 to inteate and evaluate the information
sollected during the pat I years concesming the pereeptual skill and capabilities of
ground-basid sbservers,

Preceding page blank |
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Chapter 1
VISUAL DETECTION

BACKGROUND

The sequence of actions that culminates in a decision to engage an incoming aireraft
begins with its detection and/or focalization. The predominant emphasis in the perceptual
skills experimentation concerning gound observers has been upon visual detection. This
emphasis on detection, rather than on recognition, ranging, or other skills involved in
aireraft engagement, appears to have grown out of the predominant interests of military
operations research groups in developing models to assess the effectiveness of alternative
air defense weapons attempting to engage high performance aircraft.

The interest of war game and simulation specialists in visual detection no doubt
vesulted from their efforts to predict the technical capabilities and requirements of air
defense weapons that would at least mateh the outer bounds of man’s capabilities to
engage aircraft, Since the maximam engagement range for an air defense weapon is
determined by the maximum detection range of the human observer, there were more
requirements for experimentation and research on detection than on the other perceptual
skills. The other perceptual skills, such as aircraft recognition, friend-foe identification,
and  mnge estimation, undoubtedly oceupied less attention on the part of military
planners and  analysts because of the assumption that aids to recognition (such as
clectronie interrogation equipments) and aids for determinmng open-fire range (such as
shorter range radar equipments) would reduce somewhat the burden on the human
observer for aceomuplishing these functions.

FIELD TESTS

THE GILA BEND TESTS

With the exceptions of one chissificd Department of Defense study and an experi-
moent conducted i Geemany, adl visual detection experimentation has been performed in
a desert vovironment. The carliest of the reeent studios on detection was conducted by
the U.S0 Army Human Engineering Laboratories (HEL), as reported by Wokoun (1), The
HEL study was concerned with the effectiveness of the ground observer in detecting and
ihentifyaing Jet wreraft, ax a function of the size of the sector being searched and the
areralt altitudes,

The HEL study wis conducted at Giln Bead, Arizona over a fiveeday period in
September 1950 1t mvolvidd uninded detection of areraft. with no provision for carly
warming either temporatty or spatially. AU the times meteorological visibility was greater
than 13 mailec amd the wreriaflt were presented sgaunst o clear sky. Wokoun reportd data
for 15 wbpats, N observers had visual acuty of 20022 or better, and were between the
ages of 19 aned 25, Fargets to be detectid were 1233, F286, and 100 jet fighters, These
areralt flew alang ax courses that were randomly scheduled durimg the tests and at two
altitudes, 300 and 1500 feet, which were also rundomzed over tnals. Nireralt flew at a

Preceding page blank
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speed of approximately 400 knots, Prior to the test, observers were trained in the use of

vy a vertical scan or saw-tooth Yearching technique employing the far horizon as a touch

point to avoid empty field myopia. Only the detection data will be reported in this
chapter; the aircraft identification results will be presented later,

A Four search sectors were used: 45°, 90°, 180°, and 360°. When the results were
summed over all four search sectors, 50% of *!-: detections occurred when the aircraft
was at least 2,050 yards distant. A considerable number of interactions or variability in
the data occurred as a function of the width of the search sector and the target altitude.
In general aircraft at 500 feet were detected earlier than at 1,500 feet. There was some
suggestion that training or experience in the field situation tended to improve perform-
ance after one day of practice. In addition, as the crossover range increased, detection
range tended to increase (although not invariably), apparently because of the greater
visual angle presented by the aircraft as the aspect moved from head-on to tangential.
Figure 1 presents a summary of all Wokoun’s field experimentation, showing the cumula-
tive percent of aircraft detected as a function of the distance of tne aircraft from the
observer. The narrower search sectors, 45° and 90°, produced earlier detections than the
larger search sectors, 180° and 360°. The combination of 45° search sector and aircraft
altitudes of approximately 500 feet produced the earliest detections.

Cumulative Probability That An Incoming Aircraft Will Be
Detected by Given Distances From Observer When All Search
Sector Sizes and Both Altitudes Are Combined
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THE WHITE SANDS TEST

The next major field experiment was conducied in October 1961 at White Sands
Missile Range (WSMR) north of El Paso, Texas (Zimmer and McGinnis, 2). Although
preliminary instruction was given in vertical scan procedures, using the horizon as a
reference boundary, the 24 observers were told to use any scanning technique that
personally seemed to be effective. All observations were made unaided—that is, no optical
aids were used. Three types of aircraft were used: propeller, helicopter, and jet (T-33 and
F-100}. The jet aircraft flew speeds varying between 200 and 400 knots.

Three alert conditions were established for the observations, In one condition, all
observers were assigned a 30° search sector and were given 15 minutes warning concern-
ing the approach of an aircraft. In the second condition, the search sector was 1807, and
simillar warning data were provided. In the third, the search sector was 1807, but no time
of arrival or approach information was given.

Approximately 2,200 observations were obtained during the test period. Summing
over all observation conditions, the mean detection occurred at 5,130 yards, with a
standard deviation equal to 3,177 yards. Ninety percent of the detections occurred
between 1,200 and 11,200 yards. Although aircraft altitude varied between less than 150
fect to 3,200 feet, no consistent results concerning effects upon detection range occurred.
The data did suggest, however, that detection occurred sooner if the aircraft altitude was
between 150 and 1,200 feet. Altitudes below and above those limits tended to produce
later detections. The degree of alert established produced no consistent effects upon the
detection ranges obtained, although the data suggest that increasing the amount of early
warning tended to increase the detection range. These results, however, were not statis-
tically significant.

The cumulative frequency of detection, as a function of aircraft distance, is shown
in Figtire 2 for the F-100 aircraft. Fifty percent of the detections occurred prior to or by
the time the aircraft had approached within 3,500 meters.

THE DONA ANA TEST

In April 1965, a field experiment was conducted by HumRRO (Wright, 3) at Dona
Ana Range Camp, Fort Bliss, Texas, which employed the same gencral terrain as used for
the White Sands test. The terrain allowed for low altitude aircraft approaches up to 20
miles in length which were unobstructed by terrain masking. The principal objective of
the HumRRO field study was to determine mon's unaided ability to visually detect and
recognize low altitude aircraft under optimum field conditions with respect to early
warning. Only the detection data will be discussed in this chapter. In this field experi-
ment, the effectiveness of optical aids was also evaluated.

During the tests, visibility was greater than 90 miles for every test day. except one,
when it was not less than approximately 50 miles. Twenty-seven enlisted men served as
ohservers for the tests. All observers had visual acuity of 20/25 or better as measured by
the Armed Forces Vision Tester. As part of preliminary target detection training, all
ohservers were given training in search techniques, which consisted of practice in observ-
ing o Lorizontal search scan with frequent orientation to distant terrain on the horizon.
The observers who werc to employ binoculars were trained in their use for search and in
techniques for holding binoculars steady.

Prior to the measured field test, the observers viewed 27 jot, 15 propeller, and 19
helicopter passes before formal data collection began. The targets consisted of F-i(
F-100, and 'T-33 jet aircraft, which flew at a speed of approximately 400 knots at
100-300 feet altitude, Propeller aireraft targets consisted of a 0-1A, U-6A, and U-1A,

~d

*

-rf‘r""vzm

sl




A T QAT T YRV O A SR ST AT

Detection Range for F-100 Aircraft

G AR 2 A |

X
1.00
\_
.80
> .
;—a
2 40 \
e
Q. \W
[}
>
s« A y
=]
; <
¥]
20 ™
\..‘ J
0 1
0 2 4 6 8 10 12 14 16 18 20
Meters

(In Thousands)
NOTE: After Zimmer ond McGinnis (2).

Figure 2

which flew at speeds of approximately 100 knots and at altitudes between 100 and 300
feet. Data were also obtained on one OH-23 helicopter, which flew at a speed of about
75 knots at 100 feet or less.

During this test, 18 of the observers had no visual aids for aircraft detection, while
nine observers were issued 6X30 binoculars. Observers were stationed in three clusters,
with one group at the test control center over which all fiight paths converged, another
approximately 1,000 meters southeast of the test center, and the third about 2,000
meters north of the test center. Ten different flight paths were flown by the various
aircraft. At the start of each aircraft pass, monitors informed the observers that an
aircraft was inbound at a given clock position from their location.

A number of controlled factors were evaluated in the analysis, such as the use of
visual aids, the amount of offset, the aircraft type, and all interactions of these main
factors. As in prior field experiments, a considerable number of interactions occurred
among the variables. For those observers using unaided vision, the average distance of the
aircraft at the time of detection was 10,700 meters. For those equipped with 6X30
binoculars, the mean detection range was approximately 11,900 meters. The use of
optical aids tended to interact with the offset of the observers from the minimum crossing
range of the aircraft. Unaided detection was earlier than aided detection for the head-on
or incoming aircraft. In contrast, those observers equipped with the binoculars tended to
detect aircraft sooner than the unaided observers when the aireralt was flying a tangential
or offset course.

Figure 3 presents the cumulative probability curves for Wright's experiment, summed
over all aircraft and all conditions that were used. It can be seen that visual detection
oceurred with a 50 probability by the time the aireraft had at least approached within
9,000 meters of the observer.
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The detection probabilities for each of the three jet aircraft are presented in Figure -1
As shown, the size of the aircraft appears to influence the likelihood that it will be
detected. The F-1C, the largest of the three aircraft used. yielded a 50% probability of
detection at a distance greater than 14,000 meters. [n contrast, the T-33. which was the
smallest aircraft used, had a comparable detection likelihood at only 7,000 meters.

THE TONOPAH TEST

A second aireraft detection test was conducted by HumRRO during June and July
1965, near Tonopah, Nevada (1) A portion of the Tonopah tests was performed to
obtain data concerning the effects on visual detection of (a1 the amount of lateral offset
of the observers from the flight path of the aireraft, () the type of visual aids used and
their optical power, and (¢} the amount of early warning given the observers, in part,
these tests were motivated by the results obtained earlier in the year by Wright, who
found detection ranges considerably greater than those reported in the carlier tests, The
cight observers used for these tests were mulitary and civilan research personnel who
had been involved in the earlier detection experiment.,

The aireraft flight path was over a wide, flat desert valley botween two hnes of
harren moantains that began rising about 500 feel to the west and 1,500 fiet to the eas
of the flight path’s ground projection. The test site was adjcent o tie fhight path on
relatively flat terrain, The observers were lovaosd at four observation posts 1O at
distanees of 200, 1,100, 2,600, and 3,340 meters perpendicular to the fhght path.

The aireraft flew an essentially northtosouth or south-tonorth pattern. To the
south, the view of the mreraft was witerrupted by the distant hortzon approsimately 15
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miles away. As one moved from the near OP (200 meters) to the most distant OP (3,300
meters), the near terrain cast of the flight path increasingly became the backgrouad for
the flight path of the aircraft. The view of aircraft flights rom the north was almost as good
as that for those from the south, if the observer was focated at 200 or 1,400 meters from
the flight path,

At the time of target “unmask” (when it fisst became visible above the near
horizon), the aireraflt had a sky hackground when viewed from the 200.meter OP. For
the other OPs, the aircraft had a terrain teistant mountaing background at the fime of
unmask. For those observers stationed at the 2.600. and 3.300-meter OP<, 3 ridge
intervened  hetween observer and  aireraft an a northdosouth flight. As a result, the
ohservers at these positions were pot able to see the aircraflt until it was much nearer to
crossover fihe intersection of the flight path and the observer's hne of pasitions) than
was the case at the nearer OPs.

Visiility during the test was never Jess than 40 to 50 mades. On four of the 20 test
days, there were varying amounts of cloud cover, 8ky brighiness during the testing vaned
from approximately 1,500 footJamberts in the carly marming to 3,400 foot-lamberts in
the late mormmng.

One of the tesls was a companson of unaided observation ve. the use of N30
binoculars for mreraft detection. An Fo4C mreraft was used for this test. The aversge
range of the aircraflt at the Gme of detection was 11,900 meters for unauded observation,
and 12,200 meters when 6X30 binaculars were used. This difference was not statistically
sigmificant,

A thaird test evaluated aircraft detectzon range as a funciton of the amount of early
waming provided the observers. Two levels of carly warming were used: | minute and 3
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minutes, prior to aireraft appearance on the horizon. This test used the F-105 awreraft,
whick flew courses involving both near and distant terrain mosking. Vnder distant
masking conditions, the mean detection ranges, when averaged over all OPs, were 12,150
meters for the I-minute early varning condition, and 12,759 meters {or the S-minute
early warning. Under near masking conditions, the detection ranges were 1,600 and 5,000
meters for the I-minute and S-minute waming, respectively. The eifect of vanation in
amount of early waming was not statisCeally significant in either masking condition.

VISUAL AIDS FOR DETECTION

An ecarlier study was conducted i this area by the Human Engineering Lab-
oratories, as reported by Kurke and MeCain (3). This experiment compared Lioculars, of
from three to seven power. which were mounted on a pedestal and directed toward the
line of appearance of the aweraflt. Kurke and McCain found that the average detection
ranges varied fairly regularly fiom 14,500 to 18,000 yards as optical power incrensed.

In contrast with the Kurke and MoCain study, tests reported by Wright (3) a.d by
Frederickson ¢f ¢f () used hand-held hinoculars to search the honzon.  \s discusaed
earlier, Wrnight found that the relative effectiveness of the unaided vs. aided observation
varted with the offset of the observers from the flight path. For the “most threatening”
targels t1e, those with a head-cn approsch), unarded vision surpassed the awled observa-
ton. For the more obhigue observation posts, binoculars tended to facilitate detection.
Wright attributed this fiading to the smaller field of view of the auded observation
coupled wiith the relatively small subtended angle of the areraft in the head-on position,

However. the Tonopah tests reported by Frederickson ef ol ¢ 1 did not find any
wivantage for aked over unided obsercation. In additton, there was no advantage n
us: it hitgher ponered tTX3D1 mstead of shghtly lower powersd (6X30) hinoculars,

The rosults of these tests tend ta be confirmed by field experunents conducted m
Germaeoy (Doptseh and Hoffmann, 61, which compared the detectainlity of low.fiymy
atreraflt Larving from relatively large awbners to the small ¥ 104 ighter, under tan
conditions of hmocular stabthzation. Under one condition, the binoculars were fixed 102 3
suprport that was arned al 2 swotor of the sky just abave the honzon. Under thas soncpbiv?
“laveon” teermgue, the higher power bntoculars tended  to mrrease deteciabdity. In
vontrast, when handheld higher powered and moderate powensd binoculars eg, 8X24
andd SX2H were comparcd to unaided  olkenvation, o was found  that the anded
ubrwetations dis not produce defectien ranges grester than unawded obwreations

A far as 1. known, no additional formzi tests of ytsenl suding were canducted until
197), when HumBRO reaimed s study of the use of optuwal axds for tanged defaviion
Haldwin (71 employed 2 LO00a ] neduoedscale smulation of an gercraft deteczon
sttynfran Th; oljecine of thew abotaiory dudics was to cvaluale the rifocineness of
wide fekbofvwea . jow ponened aptical syafems for snstgl tange! acguisiion

Ohsepens were pastiioned 11 melets from 2 white background sreen spast wheeh
were preanted bk sphernoal targets hat siblendoea b than | mntte of whbd angie fo
the olwerver o this bilmwratany sunulslion, compansons acte made of tanget detoctabnhity
under gided abeematian comddions e g TN, TN35, 2 3 20 o 3N optics. The hums.
nance devel of the wreen at the paiion of the ahwtivt vaned beivern 0 and S0
foot unherts, aggwonmmating the lununane el of sveroast to dark daylght conditione

Thia rescarch shawsd that umder the low sllumingion condifzons farge! detecison
was faoiifated by the s of e TN buwscuiars o casparmson with the lover poncned
opfaes Supplementary fiekd deds G compared the 3\ ot v ynaxfed vsan uang
ssmalar farget proesentaisn conditions, bt with approsmnately 1,500 foof. Jamberts of sky
hackgrovnd, agam faded fo diew any agnsfuant faabistmn hovaua of peng the 3N optice
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EFFECT OF EXHAUST FUMES

The only formal test of the effect of exhaust smoke upon aircraft detectability was
conducted by the Department of Defense and the report in which it is discussed is
classificd. However, incidental observations have been made by other experimenters in
this area. In the Gia Bend test reported by Wokoun (1), the greater detectability of the
F-100 aireraft was attributed to the greater density of its exhaust fomes compared to
those of the T-33. Similarly. Wright 13) concluded that the greater detectability of the
F-1C aireraft in the head-on aspect could w attwibuted to the greater densily of exhaust
fumes emitted by the aireraft. A limited w.aber of truls were also conducted in the
German field test in which the F-100 was flown with and without ihe afterbumer. The
detectability of that aireraft was increased by approximately three kilometers when the
afterburner was operating.

LOCATION OF THE OBSERVER

In only two of the Deld experiments was there an attempt to evaluate the effects of
offsetting the ohserver from the flight path of the aircralt. In the Dona Ana test reported
Gy odvright 13), the observers were located at three positions: no offset (e, the aircraft
flow oirestly overhead at the termmation of the flight), 630-meter nominal ofiset, and
1,100-meter pommal offset from the minimum crossing range. Nominal offset values
equaled the averoge of the mintmal offset distances of the wirerafl that approached the
tbserver grovps at hifferent headings from tnal to trial

Wright reported th offset did not affect the detection range of propeliler awreraft,
but dud serease the deteciien rarge for Jet-powered ainraft when optical awds were used.
For unarded viewing, there was an aveee pelaptonship between cureraft detection range
and the offwt of the ohserver. Wright attnuted this result to the nereased detectabuhity
of et arreraflt beoatse of the smoke tratls produc-ed by the engine. \s the offset mersased
etweer: ancraft and observers, the presented aree of the smole ol increased. Wrght
conjectuned that obssvers mittally detected the svcke trad of the arcraft, therchy
rechucing the sky area to e sarched, Vs a result, the srreraft dself was detecied at 2
grester sange by observers haveng larger offwets whten venmg atroraft with hinoculars,

The offwt of the obswrver nas alw evaluated in e Tonopah tests peparted by
Fredenckson of @l 131 One of the fests wwed the F3 ameraft fivmg st low altitudes
from a far ditant honzon, with the shwrers Jucated 3t OFs 200, 1100, 2,460, and
330600 meters from i fhght path. Thes test ndaented  that unoft deloction range
motvasd as offwl wereswd, up fn approvsmiely 26060 meters. \troraft defevtion range
varied betueen 9200 scters for the HWnrter OF ard § 1600 sacters for the 2,600 and
3.300 mteter OFs Athough the ferram clevziion giih pospect to the ground projectiaon of
the aweraft s Sght path vared belwwsen 5 meter for the 200 micter UF and » {2 mcters
for the 3300 meicr OF, ths vanaiton in the clevation of (e ohuerverns was mmimal aath
gespect fo the tangiton i e sncraft defociion ranges ohiamed In cosirast i o hghly
Bikely that the obsetiers having greaier latoral offscts nere mufally detecting tise sanoke
traad of the P m o3 manne? amalat to that infented by Wrspht

SEARCH PATTERNS ARND TRAINING

Vsl of the reacatrh ol fod on wua! seanch e the osd of World Wy §3
has been concemned with e caaluation of pattems and technapees for 2 fegronnd of
- to wea sk Very Iithe sewcatcd has been comduied concetriong patiter 13 of eatehung
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sky from a ground observer's position. At first thought, it would seem that research on
air-to-sea or air-to-ground search methods would find applications in the ground-to-air
search  situation. Review of the research studies, however, indicates that the major
concern of the investigators and analysts of the air-to-surface search problem has been
with developing or designing optimal techniques for flying aircrafl over large terrain
surfaces to maximize the likelihood of target detection.

Techniques of searching sky from a ground position, however, have recently been
studied by Baldwin (8). Using a simulation of a ground-to-air search situation, Baldwin
evaluated two techniques of structured search compared to unstructured or untrained
observation. These experiments omoared several variations of a vertical zigzag or saw-
tooth technique of searching a large display, as well as a horizontal technique of
scanning. [t was found that structuring the search method assisted some observers in
detecting simulated aircraft. but paradoxically the same structuring technique interfered
with target detection for other observers.

Informal observations made during this testing suggested that observers with rela-
tively high visual acuity also tended to develop efficient search technigques  through
experience. There were indications that attempts to modify the search techniques used hy
these individuals produced a degradation in the effectiveness of the scanning operations,
These observations suggest that persons with relatively poor visual acuity also do not
possess efficient search or scanning techniques. Perhaps such persons would benefit from
training in the use of systematic search methods, particularly those which tend to extend,
and or capitalize on, scanning and sarch techniques developed through training and
experience in reading printed material tie, a Borizontal zigzye method of scanning “he
horizon). The research published in this area, however, suggests that technigues which
partition the tolal area to be scanned into three or more subsections and which wse
systematic scanning of each subsection do increase detection likehhood, or reduce the
acquisition time of hard-to-see targets.

£
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Chapter 2
AIRCRAFT RECOGNITION ABILITY

Two characteristios of the recognition and identification responses are critical in a
military situation: the range of the target at the time the recognition judgment occurs,
and the aceuracy of the judgment. In this chapter, various aspects of these response
characteristics are discussed. In addition, since the military situation often involves a
number of people working together, factors that affect individual and crew accuracy will
also be examined,

RECOGNITION RANGE
BACKGROUND

The inttiation of defensive action against an aircraft primarily depends upon a
decision that the aircraft presented to the observer has a hostile identification. Unless it is
unequivocally known that all aircraft in a theater of operation are friendly or that all are
hostile, the identification response has traditionally been assumed to be dependent upon
mediating recognition judgments. In the case of the man-ascendant air defense weapons,
such recogmbion judgments are accomplished by weapon system aperators, or crewmen,

Prior to the past decade, the artillery type of weapon systems avatlable for defense
against low-flying ureraflt had relatively  short effective ranges < 1,500 meter or less,
During the past 10 years, however, advances 12 ginded miszile technology have made ot
possible to develop defensive weapons that have much more extensive effective mnges
agamst Jow-flying atreraft.

REQUIREMENTS

Revause of thess extensons in the effective mange of defensive weapoens, vonsiderable
mtirest developed witiun the anbtary to defermine how seon o aapidly an opecator ar
crewman can make aferall feenghition jutdgments. That s, there was a desate to maich
the techaieal capatnlitis of e defeastve weapon with the perceplual capabilitios of the
ojw-ratars, In aduiben, there wis consdersble interest i DOinding ways (o estend fhe
revognifton ranges of operators beyond that sharacienstic of unatded obseregtion of
ateralt As 3 rewalt, requiremesis atowe for spformaiton on the relatronsiyge belveen
fecogntiton decessarss atid the disfance hetween the ateraf§ and the sharoeer,

GILA BEND TESTS

The earhest recognnizon mangs cxpefanen? was conducied dunng the Gila Bengd e
reportedd By Wokoun (§1 Wolicun's sevopn e capeniment was conducted it congunciion
with the awetall detfectzon sindy separicd n (haptcr 1 Wokoun's abservets 31 Bad visazal
ity of 20 72 of helicr snd were iramed by the e of sthonetie cards fa fecopnuze the
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T-33. F-86. and F-100 aircraft. The visibility during his field experiment exceeded 15
milss and all aircraft were presented against clear sky. The recognition judgments were
made foilowing the detection judgments for each observer. Aircraft altitudes of 500 to
1.500 feet were employed with an aircraft speed of approximately 400 knots.

The resuits of the Gila Bend tests were presented as cumulative probability curves
for all combinations of four search sectors 1350, 180, 90, and 45°) and the two altitudes
(500 and 1,500 feet). When summed over all these conditions, 50% of the recognition
judgments, both correct and incosrect, occurred by the time the aircraft was 1,000 yards
from the observer. Approximately 10% of the recognition decisions occurred when the
aircraft was 3,000 yards or farther from the observer.

\WWokoun's data indicated that, to some extent, recognition range was dependent
upon the combination of search sector involved and altitude ol the aircraft. For search
sectors greater than 90°, the wid:h of the sector and ine altitude of the aircraft did not
have great influences on the range at which the aireraft was recognized. However, for
search sectors of 90" or less, aircraft tended to be recognized sooner (i.e., at greater
distances) when at lower than at higher altitudes. That recognitiun range tended to be
related to search secior may be partly a result of the relationship between detection
range and search sector. Because recognition judgments follow detection responses, any
factors that delay detection will necessarily delay recognition judgments.

DONA ANA TEST

The distances at which various aircraft are recognized was also included in the Dona
Ana test reported by Wright (3). This field experiment concerning recognition range was
also accomplished in conjunction with the detection field studies reported in Chapter 1.
Of principal interest are the recognition range data obtained for the three jet aircraft
(F-4C, F-100, and T-33), which flew at speeds of approximately 40C knots and at
altitudes between 100 and 300 feet. One-third of the observers made recognition judg-
ments without optical aids, and two-thirds used 6X30 binocuiars.

The 27 observers used in this field experiment were given both classroom and field
training in aircraft recognition. The classroom training consisted of eight hours of
recognition instruction on the aircraft to be used in the tests. This training utilized 35mm
slides of models of the jet aircraft. using both the standard military techniques for giving
aireraft identification instruction and the experimental method under evaluation.

In the field, the observers viewed 27 jet passes before actual testing began. For most
of the practice trials, the type of aircraft to appear was announced prior to its initial
pass. On other trials, only feedback on the type of aircraft was provided. After comple-
tion of the classroom training, observers correctly recognized 73.8% of the jet aircraft
shown on a 40-iiem test. No proficiency test was administered to the observers following
the additional field training.

I the Dona Ana Test, the observer was instructed to make (a) a tentative recogni-
tion response when he believed he could make a decision that was subjectively better
than chance and (b) a positive recognition decision when he was subjectively “‘certain™ he
was correct. Although Wright obtained recognition range information for helicopters and
propeller aircraft as well as for the jet class, only the jet data will be presented here. The
cumulative frequency distributions of aircraft recognition judgments as a function of
aircraft distance for the tentalive recognition response for each of the three jet aircraft
arc presented in Figure 5. Similar data for the positive recognition judgments are shown
in Figure 6.

The frequency distribution curve for each aircraft contains approximately 300
responses. The tentative recognition judgments were accurate 86% of the time, and the
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Empirical Probabilities ot Tentative Recognition for Three Jet Aircraft
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Empirical Probabilities of Positive Recognition for Three Jet Aircraft
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positive judgments 97.5% of the time. When averaged over all observer offsets and
viewing conditions (aided vs. unaided observation), the jet aircraft were recognized 50%
of the time at distances greater than 4,000 meters. The recognition decisions occurred at
approximately 5,500 meters or greater 25% of the time.

The distance at which the aircraft were recognized, however, depended upon viewing
conditions and the observer’s offset. Both the tentative and positive recognition ranges
increased as offset increased, and, on the average, the jet aircraft were recognized at
greater distances with binoculars than without them. However, it was noted that under
the conditions used in Wright’s test, binoculars tended to reduce detection distance of the
potentially most threatening targets (i.e.. targets having a zero offset or head-on presenta-
tion). Similar results also tended to occur for the unaided observations. That is, although
head-on targets tended to be detected farther away (except when binoculars were used),
the recognition of such targets was delayed beyond the distances characteristic of the
more obliquely oriented flight paths.

Wright’s data indicated that recognition judgments occurred at much greater
distances than reported by Wokoun. The increased recognition distance may be attributed
to several factors, including (a) Wright's observers had a smaller scanning sector than
Wokoun’s, and (b) Wright's observers apparently were more proficient in aircraft recogni-
tion than Wokoun’s observers.

The two studies reported by Wokoun and Wright constitute the only known
full-scale aircraft recognition field experiments that have been publicly described. Other
tests, however, have been reported that used reduced-scale simulation of aircraft recogni-
tion situations in which model airplanes were used.

MINIATURIZED TESTS
REDUCED-SCALE SIMULATION STUDIES

The use of miniaturization, or reduced-scale simulation, of aircraft recognition
situations was necessitated by the obvious difficulty of obtaining a wide variety of
tactical aircraft for full-scale field studies. As has been noted, the full-scale field research
programs were unable to obtain or use more than three jet aircraft. Because of the
limited variety of aircraft used, the results of those studies have been criticized as not
providing a basis for valid inferences to a typical air attack situation.

In 1967, HumRRO conducted tests of aircraft recognition using 1/72-scale models
of aircraft in a miniaturized recognition situation (9). One pilot test used models of
aircraft that had been used in the full-scale field study reported by Wright (3). The
models were immobilized on a stationary pole and the observers were moved toward
them from an initial distance at which recognition was impossible. When the recognition
data were compared with the full-scale results from 1965, it was found that the statistical
relationships between recognition frequency and target distance were fairly comparable
for the two tests, after adjusting for the miniaturized scale factor that was used.
However, the results indicated that for the miniaturized test the recognition judgments
tended to occur somewhat earlier (target farther away) than for the full-scale test. This
was attributed to the use of statically positioned models, which permitted longer periods
of ob. -.ation at each viewing distance.

Later in 1967, a more extensive miniaturized field experiment (Baldwin et al, 9)
was conducted that also used 1/72-scale model airceraft representing six U.S. and U.S.8.R.
tactical fighters. Relevant parameters were scaled to 1/72-level, including the movement
of the targets toward observers, Although the primary purpose of the field experiment
was to evaluate the use of various communication sequences for aireraft recognition, the
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experiment also provided an opportunity to test the validity of miniaturization, or
reduced-scale simulation, of aircraft recognition situations. The results of the reduced-
scale experiment, compared with similar data for the previous full-scale field study, are
presented in Figure 7. A statistical evaluation of the two cumulative frequency distribu-
tions indicated that the two curves were not significantly different. It was concluded,
therefore, that the reduced-scale test did provide valid estimates of the results that would
have been obtained if a full-scale experiment had heen conducted. Although this field
experiment suggested that reduced-scale miniaturization provided a feasible method of
evaluating aircraft recognition performance, no additional experimentation employing this
method was accomplished for several years.

Results of Full-Scale and Miniaturized Recognition Range Tests
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In 1971, HumRRO conducted another miniaturized field experiment, in an outdoor
test facility near El Paso, to study the relationship between aircraft recognition range and
the size, aspect angle, and color of the turget (Baldwin, 7). This experiment emploved a
more extensive variety of targets in that eight single engine and five multiengine jot
attack aircraft were simulated through the use of models. A 1/72-scale reduction of
aircraft size, altitude, and approaching speed was used. Six aspect angles, or views, were
used, ranging from a head-on presentation, through various oblique views, to a side, or
907, orientation of the target. All observations were made by members of the military
and the research staff, who were equipped with seven-power binoculars, These observers
made approximately 3,000 recognition judgments over a nine-day experimentation period.
Only 1.2% of these judgments consisted of uncorrected recognition decisions (i.e., errors).
This high degree of accuracy attested to the correspondingly high level of recognition
training attained by these “professional’ observers.
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Observers were located at one end of a scaled 16,000-meter flight path. The model
aircraft were individually attached to a short boom mounted to the roof edge of a panel
truck. The transporting vehicle moved at a scaled speed of 400 knots from the starting
position. Each observer was provided with a hand-held reaction-time button and a
response-choice box that he used when making his recognition decisions. Recognition
judgments could be corrected at any time during a trial. Averaged over all aircraft of a
similar classification (i.e., single vs. multiengine), recognition distance ranged from a
minimum of approximately 7,800 meters (full scale) for the head-on view to a maximum
of approximately 14,000 meters for multiengine aircraft with a climb of 45" and a
heading of 35,

It was noted that the average recognition ranges obtained in this miniaturized field
experiment were much greater than those reported for previous full-scale and minia-
turized tests. In fact, these average recognition ranges were similar to aircraft detection
ranges obtained in previcus studies. The increase in recognition ranges was attributed
primarily to the higher skill levels of the professional observers used for this miniaturized
study. All previous field tests, both full-scale and miniaturized, had used military person-
nel who were assigned to the experiment. The increased recognition range in this study
was also attributed to increased target discriminability because of the object-to-
background contrast level use.

COLOR (REFLECTANCE) EFFECTS

In previous field and reduced-scale experiments, aluminum-culored aircraft had heen
used. In this miniaturized field experiment, the models were painted a dark gray, which
yielded high contrast with the sky background.

Additional testing was conducted in the reduced-scale situation to evaluate the effect
of contrast ratio (reflectance) on recognition range. The supplementary test used two sets
of six model aircraft, one set painted silver and the other dark gray. The silver models
had approximately the same reflectance as a full-sized aluminum-skinned awcraft. The
dark gray models had a reflectance about the same as aircraft painted with terrain
camouflage colors. When averaged over all six aircraft. the mean recognition range for the
dark-gray models was approximately 11,000 meters, compared to about 9,000 meters for
the silver models. The overall difference between the two colors was statistically
significant.

AIRCRAFT SIZE

As part of the miniaturized field study, reported by Baldwin (7), the size (area in
square feety of vach ol the aircraft at each of six aspect angles was determined by
prajecting silhouettes of each view against graph paper and measuring the area occupied
by the silhouette. The correlation between presented area and mean recognition range for
each of the 13 aircraft was determined for each aspect angle. Five of the six correlation
coefficients were statistically reliable and ranged between 0.5 and 0.7. For some unex-
plained reason, the correlation between area and recognition range was not of sufficient
magnitude for statistical reliability for the aircraft view associated with a 157 climb and
15 heading. These results suggested that 259 to 50 of the variability in recognition
range can be predicted from a knowledge of aireraft size for most of the aircralt views.
However, it was ~rparent that the presented area of the aireraft was not the major
determiner of the time at which the recognition judgment oceurs,
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TRIAL-TO-TRIAL CONSISTENCY

The absence of a significant size-range relationship for the view with a 15° climb
and 45° heading prompted additional analysis concerning observer reliability or con-
sistency. In this context, reliability was concerned with an observer’s trial-to-trial varia-
tion in the range at which each of the 13 aircraft was recognized. This consistency was
examined separately for each aspect angle. Analyses and summarizations of the trial-
to-trial variation indicated that, with the exception of the view with a 15” climb and 45°
heading, each observer was quite consistent in the different ranges at which the 13
aircraft were recognized. However, the reliability of the recognition ranges for aircraft
presented at the 157-45° view was relatively inconsistent, particularly for two of the four
ohservers.

CONSISTENCY ACROSS VIEWS

The stability of the recognition range for each aircraft across the different views was
also examined. This analysis showed low consistency in recognition ranges across views.
The most notable exception to this general finding was the set of correlation between
views for head-on (0°-0”) vs. slightly obliquely oriented aircraft (10” climb-15° heading).

These analyses of sources of individual reliability suggest that observers employ
different cues for different views of an aircraft, but for each specific view they are
comparatively consistent in the relative distances at which various aircraft are recognized.

INTEROBSERVER CONSISTENCY

Analyses were also made of the consistency in the judgments made by different
observers. Observers were paired and the average recognition range for each aircraft was
correlated between pairs of observers for individual aircraft views. Among the set of six
aircraft views, the least consistency occurred for the recognition ranges obtained by
different observers for the head-on aspect. In contrast, the most consistent recognition
ranges occurred for the view of the aircraft with the 45° climb and 35" heading. These
results tended to support the analyses of the average recognition ranges, which indicated
that the easiest view to discriminate was 15 -35° and one of the most difficult views was
0°-0" (i.e,, head-on).

INDIVIDUALS VS. CREWS
BACKGROUND

The standard operating procedures for engaging low-altitude aireraft requires the
crew chiof to accomplish the visual recognition and identification function, For some air
defense weapons, certain crewmen are assigned the task of forward observers (IF'Q). These
FOs are stationed somewhat remotely from the weapon, so that they can provide early
warning of an impending attack. The FOs can also communicate their judgment con-
cerning the aireraft identification to the weapon crew chief.

The addition of FO teams to air defense weapon crews could offer both potential
advantages and  disadvantages for system  effectivencss, The more obvious potential
advantages include the following:

(1) The FO could assist in the initial visual detection and acquisition of
penetrating aiveralt,
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(2) The FO communication could provide a source of probable recognitiun
before the aircraft was visible to the crew chief.

(3) The earlier FO recognition judgments could reduce the crew ciiief’s
uncertainty concerning identification and thus reduce system reaction time.

The potential disadvantages include the following:

(1) The time required for the communication between FO and the crew chief
could increase system reaction time.
’5 (2) The prior recognition by the FO, if incorrect, might predispose the crew

chief to incorrect decision.

Previous field studies had evaluated the effectiveness of the recognition performance
of observers working alone. There was no information concerning the recognition
accuracy and reaction time of lone observers vs. observer teams. In 1967, HumRRGC
conducted an experiment to evaluate these two approaches to the recognition task
(Baldwin et al., 9). This experiment was conducted in an outdoor environment, using a

A 1/72-scale simulation of a recognition situation.
k) Prior to the test phase, 60 enlisted men were given classroom aircraft recognition
training for three U.S. aircraft and three U.S.S.R. aircraft. The men were trained in
3 groups of 20, one group on each of three successive days. The duration of training varied
3 between four and eight hours, depending upon the rate at which the trainees achieved a
4 3 95% accuracy level for six views of the six aircraft. A reduced-scale field test was given
; two to four days after training. On each trial, a 1/72-scale model of one of the aircraft
] was mounted on a boom and moved at a simulated speed of 400 knots and at a
., 3 simulated altitude of 200 feet.
/ Forty of the trainees were assigned to 10 four-men crews, consisting of a crew chief,
a forward observer, and two communications assistants. The communications assistants
were assigned to accomplish the communication operations for the FO and the crew
chief. For one-third of the trials, the target passed over both the forward observer and
E crew chief positions, which were separated by approximately 460 meters (full-scale). For
i another one-third of the trials, the aircraft passed between the locations of the FO and
' 1 crew chief positions, and for the remaining trials the aircraft passed at a scale distance of
2 500 meters offset to both positions. For one-half the trials, the crew chiefs received
tentative and positive recognition judgments frora the FO teams, and for the remainder
1 of the trials the crew chiefs operated alone.

J This study employed two performance measures, (a)recognition accuracy, and
Sy (b) remaining engagement time (RET), defined as the amount of time that elapsed
. " between a crew chief’s positive recognition judgment and the arrival of the aircraft at the
minimum distance from the crew chief’s location.
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RECOGNITION ACCURACY

The results of the test indicate that the crew chiefs working alone were slightly, but
not significantly, more accurate than when they received the FO judgments. However,
these overall results obscured a number of crew chief-FO interdependencies that appar-
ently oceurred. Although the average accuracy of the individual chief was greater than
the average accuracy of the FOs, the aceuracy of the chief when he was working with a
crow tended to be affected by the FO's accuracy. The research results suggest a number
of specific instances in which the FO upparently cither aided or hindered the crew chief’s
decisions.
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REMAINING ENGAGEMENT TIME

When averaged over all trials, the remaining engagement time (RET) for crew chiefs
working with FOs was slightly, but not significantly, larger than when these chiefs
worked alone. However, the analysis showed that the 10 chiefs did not perform con.
sistently under the two manning conditions—six chiefs made their decisions sooner when
working with crews than alone, and four behaved in the opposite manner. Variation in
RET also occurred in association with the offset of the target from the observer's
position. When the flight path was parallel to the observer line and offset by 2,500
meters (scaled), all crew chiefs tended to make their judgments at comparable times.
However, the two groups of chiefs mentioned above did not make decisions at compa-
rable times for either the overhead or the intersecting flight paths—six of the 10 chiefs
made their judgments eight to nine seconds before the others,

The results also suggested that there was a trade-off between recognition accuracy
and RET when the chiefs operated alone. That is, when working alone, the more accurate
crew chiefs tended to delay their judgments, while the less accurate chiefs made earlier
decisions. Paradoxically, the FOs did not behave in this manner. The more accurate FOs
tended to make early judgments, while the less accurate FOs delayed their decisions.
Apparently the results of these opposing patterns was a tendency for the chief’s accuracy
to be positively related to the remaining engagement time when he was working with a
crew. However, the chief’s accuracy tended to be reduced when he worked with a
relatively inaccurate FO. Six of the crew chiefs had an average accuracy of 88% when
working alone and 89% when working in a crew. The remaining four chiefs, however, had
an accuracy of 87% when working alone but 78 when working in a crew.

Additional analyses were made of the communication sequences that occurred
between the FOs and crew chiefs. The test results suggest that the chiefs who did not
perform as well when working with a crew as when working alone were more cautious in
their decision-making than the more “effective™ crew chiefs. The more effective crew

chiefs frequently tended to make their final recognition judgments without waiting for
the FO inputs. The less effective crew chiefs tended to behave in the opposite manner
and, consequently, could have been adversely influenced by their ¥Os' inaccurate and/or
late decisions.
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Chapter 3
AIRCRAFT RECOGNITION TRAINING METHODS

This chapter contains a review of World War Il studies of training procedures,
particularly the WEFT and Renshaw methods of teaching recognition. Recent applied and
analytical research that has produced substantial changes in training concepts for aircraft
recognition also will be discussed. Discussions on (a) classroom techniques and (b) self-
study and small-group methods of teaching aircraft recognition will be presented.

WORLD WAR (I METHODS
BACKGROUND

Vicory, in a review of aircraft recognition training methods (10), reports that
systematic studies of aircraft recognition training were first pursued in England in 1940
when that nation was being threatened by air invasion from Germany. According to an
egrlier researcher in this area (J.J. Gibson), the psychological theory existing at that time
could not provide any clear guidelines with respect to effective techniques for teaching
object recognition. As a result, the methods initially employed were based upon expert
opinion rather than on systematic analyses of the nature of the recognition procedures
and the development of such siills. As reported by Gibson, the British approach to
recognition instruction included provision of information concerning the nature and
characteristics of different military aircraft as well as the simple visual cues associated
with shape and size.

The initial approach taken by the British could be considered object-analytic, in that
considerable emphasis was placed upon analysis of the component parts of aircraft with
the resulting development of a complex  terminology needed to describe the shape
characteristics of these components. As a result, the method that evolved for teaching
aircraft recognition became known as the “WEFT™ technique for deseribing the wings,
engines, fuselage, and tail components. In this training technique, aspects of the shape of
aireraft components that could be given names (such as “swept-back wings,” “negative
dihedral,” and “leading-edge taper™) were considerably  overemphasized. There was also
heavy emphasis an verbal learning: it was desired that lists of discriminating character.
isties would be associaled with the various visual imagoes.

WEFT VS. TACHISTOSCOPES

In 1941, the WEFT system was adopted for trmning in aireraft recognition by the
.S Navy and the TS0 Army or Corps. In T2, Samuel Renshaw of The Ohjo State
University proposed  a radically different approach (o leaching areraft recognition,
Renshaw’s techmique primarily emphasized the recogmtion of trning images presented at
extremely short (tachistoscepie) tme intervals. The use of tachistoscopie presentation was
hazed upon a hypothess that brief pressntations foreed the observer to respond to the
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total form of the image rather than to the aggregate of its component parts. According to
Harvey's review of aircraft recognition training procedures (11), the advantages claimed for
the Renshaw system of training were as follows:
(1) Rapid flashes forced instantaneous recognition,
(2) The use of rapid exposures of images gave the trainee experience in the
sort of perception that he would need under combat conditions,
(3} Rapid flashes forced the trainee to see the total form of the plane, rather
than the pieces and parts,
{4 Recognition of slides presented at short exposure durations was actually
easier for the trainee than analysis of the images into its components,
{7 The use of rapid flash speeds increased motivation and the degree of
attention to the material presented.

Basically, the method Renshaw proposed involved presenting images of the aircraft
in brief flashes on the screen until the observer was able to identify it accurately. The
durations were usually about 1/25 of a second. Subsequently, the exposures were
gradually reduced to 1/75 or even 1/100 of a second on the assumption that these
increasingly shorter intervals during training would yield a higher proficiency level.
Harvey reviewed a number of previously unavailable World War Hl research studies
concerning aircraft recognition, particularly as they pertained to the Renshaw method of
instruction (11). He described studies conducted by R.M. Gagne and J.J. Gibson that
refuted all the advantages claimed for the Renshaw technique. Although these studies
were reported in 1944, the Navy and Army Air Corps had adopted the Renshaw method
as early as 1942 or 1943, and this tecinigue was used for the duration of World War 1.

One of the logical bases for the Renshaw system was attacked by Gibson. Renshaw
had contended that the use of rapid exposure of slides gives the trainee experience in the
kind of perception he would need under combat conditions. Gibson pointed out,
however, that in the usual combat situation the observer recognizes the aircraft long
before it reaches effective firing range. He argued that, since the observer had consider-
able time to make recognition judgments, accuracy was more important than speed.

In this context, Gibson conducted a study in which abservers were trained under
three tachistoscopic imtervals, Onethird of the trainees were given instruction at an
exposure duration of one second per shide. \ second group was presented images lasting
1710 second, and a third group had intervals fasting 1730 second. All trainees were tested
after instruction, using motion picture and slide presentation proficiency tests, The results
showed no differences i the proficiency of recognition among the three groups trained
with different exposure durations. During the 33mm test, the shides were presented at
one second, 1710 second, and 1°50 second for all groups. The slides shown for one
second were more accurately recognized than those shown for the shorter intervals. In
fact, the hghest scores obtained by all three groups on the test slides were those
associated with the images presepted for one scond.

N second experiment reported by Cibson showed that smphasizing areraft features
during the varly days of traming produced etter aireraflt identifiation performance than
when the features were not emphasized, particulaely for those disiinguishing components
that permiited discnimination between similar sircraft,

Harvey (11) also deseribed an expenment reporied by Gagoe that directly compancd
the Renshaw and WEFT twehmgues, Two groups of 99 men each were aught the same
areralt in the saine order using shdes exposed for 110 second. 1n one group, instruchion
was given only oun the tolal form of cach aroraft e, the Renshaw system) with no
mention of features- such as shapes of wings, sngine, or tul. In the scond group, @
standard st of distinctive featunes was emphasized for cach aircraflt presented. Afler 30
hours of mstruction, both groups were tested with 45 dides of the 40 aireraft thai had
been uwiuded 1 the traunng program. The recults of the profliciency test slghtly favored
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the WEFT system of presenting recognition instruction and did not support Renshaw’s
claims for the superiority of his total-form approach to training aircraft recognition.

In retrospect, it is unfortunate that much of the earlier research on recognition
training has not been available to the public until recently. Its earlier availability would
perhaps have lessened the debates that still occur among proponents of tachistoscopic
techniques for teaching aircraft recognition.

CURRENT APPROACHES TO RECOGNITION TRAINING
THE SARGEANT METHOD

In 1956, the British introduced another technique for teaching recognition as an
alternative to the WEFT and Renshaw methods. 1t was nown as the Sargeant system for
its originator, Charles Sargeant, editor of the Joint Services Recognition Journal. The
Sargeant technique borrowed from both the WEFT and Renshaw approaches to recogni-
tion training. Although it did not use tachistoscopic exposures, the Sargeant method did
use whole-image learning,  and also  emphasized learning  the distinguishmg features
of wreraft.  According to a British psvehologist who evaluated the technugue, it was
believed that the distinguishiig features were learned only in relation to the whole
aircraft fAlan, 12).

The training materials employed in the Sargeant method for teaching a group of
aireraft eonsist of two booklets for each aireraft to be learned. Inttially, the aircraft are
grouped by expert judgment according to the similarity of their design. The first book,
which provia.  cues for wdentification, contains named photographs of different views of
vach atreraft ¢ 1 three plan-view silhouettes; this is the “key” matenial for making
comparisons wit. the aireraft shown i 2 sevond book. The second book contains 129 to
140 target views ol the same aircraft. After studying the wreraft features i the “key”
book, the tramees attempt to recogmze cach atveraft i the second book. This process s
continued until each arr raft 1s recogmzed correctly. Fach trainee works alone, at his own
pace and without formal nwtruction.

Atlan conducted an exp nment to compare the effectiveness of the Sargeant and
WEFT systems. This expenimen. mdicated that the Sargeant system was supenior to the
WEFT method m producing arera® secogmition accuracy.

A vanaten of the Sargeant Lchnigue s used curmrently i the Jomt Services
Recogmtion Journal. On one page of the joumal, a few relztivels large images of an
aireraft, or models therrof, along with s sdhoueties, are shown, winle the opposite page
shows 3 montage of many images of the same arceaft, along with a few “nagers.”” The
student’s task 1 to weatify the “nngers.” hasad upon thew dissuntianty with the key
images, as well as the other images m the montege. 11 1+ not kaown whether any
systematie evaluation of this approach for Legebung rcognitzoan has been matde.

HumRRO's GOAR METHOD

In 1863, HumBRO mtiated 3 research program o improve upan the WEFT.
Hemshaw methadds of training arrerafl cecogmiton. A\ithough the peyechaiagy of peneptyal
learming bad advanced somenhat wnce World War I there were sl no finn peychio
fogrcal panciples upon alich {0 base 3 soienbifically groundesd technsgae fir travmg fory
rreapnbion. As a pesslt, the imitial anproach devslopsd by HumRB RO, Graund Obsenver
Mreraft Recogmiien (GO AR, although hased on labaratore hindmgs, was rclectae m gis
underiyimg panaples and  pragmatic o e obyctnes In other words, all oforts were
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made from the outset to produce an effective technique for training airer2ft recognition,
irrespective of theory or the lack of theory.

The GOAR method emphasized discrimumation learning of the aircraft features that
were relevant to identification requirements in a tactical situation and at tactically
realistic distances. To facilitate learning to discriminate among similar aircraft during
training, aircraft of similar characteristies were displayed  simultaneously as  well as
successively (e, one at a time). The GOAR approach consisted of the following
activitios:

{1) Goal setting, which consisted of measuring trainees prelearning proficiency.

£2) Aircraft familiarization, which included familiarization with the nomen-
clature of features and provision of printed silhouettes of the three-planned
views used as supplementary training aides,

{3) Discrimination learning by paired-comparison training involving the simul-
taneous presentation of pairs of images of different aircraft.

(-1} Single-image recognition practice,

{5) Proficiency testing.

{6) Remedial mstruction as needed.

In experunental form, the GOAR training program covered 16 aireraft that were
grouped into four sets based upon expert judgments of their similarities. The training
program consisted of 16 periods of 50 minates each, which included paired-comparnison
training, successive image practice and review, proficiency testing, and remedial traming o
needed. More complete details on this training procedure are presented in a report by
Whitmore, Cox, and Friel (13).

Initiatly, the CO\AR method was compared with the WEFT-Renshaw technique. Twe
groups of trainees were administec-d one or the other type of trasmng. Mler traming,
each group was given a profictency test that consisted of aircraflt views not included i
the training program. The gireraft views in the proficiency test were also substantialiy
smaller than Jhose used for training. The test results showed that the average wdentifica
tion accuracy for those trained by the HumRRO techmgue was 617, vompared to only
200 for those trained by the WEFT-Henshaw method. Nthough this expenmental
program did not achieve the proficiency levels desed for an operattona! temnmg techns
nigue, the method did show supenionty over the proceduses (WEFT . Renshaw) presorbed
at that tune for sccomphshing aireraft recognition mstruction.

The developmental effort deseribed by Whitmare ef of 113 should not be can-
sidered 3 formal expenment, but rather o compansen of two different approaches to
metruchion i areraft pecugniion, The trmnmg program that used the WEFT-Hensbaw
tratning techamgues was based upor exsfing US) Ay anstructional pundaance on the
sdministration of recogniton ramntg, That frming approach was ased by the research
staff i onder to ascerian the level of prefictency that could be expecied from the
existing untructional docinne. ln contrast, the modificd program developed by HumRBRRO
was admmusicred {o detetmme whether prorall obsrvers couled be tracied o 3 957 fevel
of accuracy, and abo {o deiermane the amount of time reguired (o atian that goal. The
expenmenial program developed by HusaBRO did aohisees 2 9370 acouracy goal for the
arcrafl vtews poveented during trsisug, but the average trmmng tene per abreraft was
approsunately 1307 greater than (hal for G personmel meesnoang the WEFT Renduw
appraach.

The recopmiticn rgmmg mcihod deorsied hy Whilmosr of 2 concasded of a
sfate-of theart attcmp! In achieve 2wt of kammg objectves through the uswe of
Iaboratory hased  pectagogical pranciples. Although  the program  produced  the dearcd
achuevement lovel, the coninbuiion of cach of ds compraents sonand the atiansment of
the deurcd goal bas not been sepazately evalualod m oan airemafl recogmition cotfest poiar
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to the development of the training “package.”” Several studies subsequently were con-
ducted in an effort to evaluate some of the more critical components of the train-
ing method.

TEACHING ONLY FRIENDLY OR HOSTILE AIRCRAFT

The Whitmore ¢t al. (14) report also described a study designed to evaluate the
effectiveness of limiting instruction in aireraft recognition to either friendly or hostile
aircraft. Two experiments were conducted. In the first, approximately equal numbers of
enlisted men were given recognition training on either six U.S. or six non-U.S. aircraft:
but neither group was shown any other aircraft during training. Both groups were tested
on all 12 aircraft upon completion of instruction. After all trainees had completed thew
mstruction and had satisfied a 90 accuracy criterion, they were assembled as a group
and administered the end-of-training test. The test consisted of seven views of the six
aircraft on which they had been trained plus seven additional views not used in the
training program. It also included 14 views of six aircraft that had not been included in
the training program. Thus, the criterion test consisted of 168 images, evenly divided
between familiar and untamiliar aircraft, and further subdivided into fzmiliar and anfa-
milar views,

The amount of training time required to reach the 9077 achievement level was
compared for the two training conditions. Those given instruction on non-U'.S. aircralt
averaged 2.3 training sessions: those trained on US, aireraft averaged 2.0 sessions. The
difference between the training duratives approached statistical sigmficance.

The recognition accuracy on the end-of-training test was also analyzed. Aceurniey for
familiar aircraft was approximately equal for the two groups, although there was 2
significant  interaction between the traming condition uwsed and the dass of areraft
presented during the criterion test. The students who were trained only on non.U"S.
aireraft correctly identified 77% of the unfamiliar airevaft as freadiy (U8, while the
students trained only on U.S. asipcraft correctly classifiet 66 of unfamiliar aircraft o
hostile inon-US). In other words, the students tuned only on friendly aircraft incor.
rectly classified 3470 of the USSR atrcraft as friendly.

A second  experiment inchded paired-companson  dscnmination helween the two
classes of aircrafl. Under one conditton, the students were told only that the non L’ S,
arerafl were (o be considered as hostile. For the second class, the tratnees were shso told
the name (type dessgnabiont of cach of the ron-U S, airersft. A thio! group of traneces,
which wrved as 3 control, reccensed pred-compatison traming volong anly US aperaft.
They did not olwerve any nonU 8. awreraft during the training program. All three groum
were wnsinicied to learn the type of dianiminaiions of the US. aiscraft. The instruction
wzs sunilar fo that used in the fird “frend.foe” esperiment. Followmg instruction, all
sgudents were adminstersd 3 profictency test that mcluded the U S, and nont’ S, aircraft
presceted 1 {amibiar and unfamilar views and that was scared for dentification accutracy
only. That n, any confusions i type naming wthue 2 pationaldy class acne nol wored
as errots.

The resylts of the test indicatid that the three traning cosditicns were camparsbhe
as far as whenlification accuracy of frieadly awrerafl was concerand, and not agnificantly
diffrrent i the Wentificalion accuracy of hostile ancraft. Avciage identification acrumcy
of fricndly aweraft was approximately 887, and of non b X 2ircraft 497, The roniral
group fram the previows day was given addstional framing on 2 wvond day. which
copsiske] of pmincd comparnson and sicoessivemage snstraction svolang non U S, aurersls
anly. This group was iradmumnislened s profickency tesd and the petfommance of thee




students on the first and second administrations was compared to evaluate the effective-
ness of the additional instruction on non-U.S, aircraft. For U.S. aircraft, the seven
students were approsimately equally accurate on both days. For the non-U.S. aircraft,
the average accuracy increased from approximately 50% on the first day, which followed
instruction only on U8, aircraft, to 82% on the second day after instruction on the
non-U1.8. aircraft. This increment was statistically reliable.

The results of these experiments indicated tha. (a) when only one group of aircraft
is included in training, the accuracy of identifying unfomiliar aircraft was unacceptably
low, and (byin order to achieve desired proficiency levels following instruction in
identitying aircrafts of all classifications, such aircrafl must be included i the train-
ing program.

ANALYTIC STUDIES OF CLASSROOM METHODS

A series of studies reported by Whitmore et af. (14) bad the following objectives:

(1) To identify the minimum number and type of aircraft views used during
training that would produce a umformly high level of recognition transfer
to all aircraft views of operational significance.

(2) To establish an operationally valid time interval for exposing aircraft images
during training.

MINIMUM TRAINING VIEWS

In a series of transfer-of-training studies, traineves were instructed with limited sets of
areraft views and then tested on a wider variety of recognition views. Seven different
configurations of training views were studied, varying from a single view of an airerafl to
a maximum of nine views. In cach of these experiments, the tratnees were required to
learn to recognize six aircraft. The proficiency level desired upon completion of instrue.
Lion varied between 80 and 907 from study to study.

Two experiments usct a soagle view of each aircraft for imstruction. and two others
used three views tone traming condition used the three plandform tramig views irade
tionally used 10 pecognition trawning). A [ifth expenment presented Hive views of each
awcraft during mstructional pentods, and the final expenment presented minte views of
each aireraft. The views for the proficiency test conststegd of traming views as well a
images not uwd i the trning program. A total of 30 different views was shown for
esrh of ux arcemft dunng the end.of traming tests. The effectiveness of each traming
condition was evaiuated with respect {o the recogniion securacy for famaliar v uafa.
milar views,

The aversge necogmizon accuracy for famelar views vanied beiween 79 gad 9170 The
aecuracy for Ciews not ised n trsmng varied between 34 and 1% Mpmmam decrements
i recogmiton accurzey ocoumed  for the tramng vondilions that vsed the gregtest
number of vows for insineciion. \ funimum loss of 5% resulicd from the awe of the nine
traitung views, The masimum decrements were associzied with the traming programs that
used 3 small number of views (rither onie or fhree). Mogrover, students framed with the
three plan form veews wore no more accuraie than students framed witl only 3 angle
ohligie wiew. in contrast, the iranmg condiion (hal uwd tiaree obligucly oncented
traning ews praduced a preator fewed of iransder of framing o yafamiliar vcws than dad
the traming with the plan.form view .

This wries of expetiments andicaled that (e cows voed dunng tmmnmg must e
sfected 1o arovede uniformy generabzation acvoss Al aircraft views of factcal sgadwansy,




EXFOSURE DURATION

Whitmore et al. (14) also studied the effect upon recognition accuracy of varying
the exposure interval during testing. A group of students was trained by a common
instructional method, and then divided into three subgroups. Each subgroup was tested
with different image exposure durations—one, three, or five seconds. The results of this
experiment indicated that the duration of exposing the images during testing did not have
a significant influence upon recognition accuracy. The generality of this finding, however,
is limited to the conditions of this experiment—specifically, to trainees who had been
taught to discriminate among six aircraft with an end-of-training accuracy of 90% or
better.

SUCCESSIVE VS. SIMULTANEOUS PRESENTATION

In 1965, Gavurin (15) reported an evaluation of two methods of presenting aircraft
during recognition training. The aircraft to be learned were presented successively, in the
first condition and simultanecusly during the second condition. Gavurin found that, on a
subsequent proficiency test, significantly greater identification accuracy was achieved by
people who had been trained with the simultaneous procedures.

PAIRING AIRCRAFT FOR DISCRIMINATION LEARNING

Presumably, a portion of the effectiveness of the Sargeant and GOAR techniques
may ve attributed to their provision for simultaneous comparison of images of different
aircrafi. Somewhat conflicting results have characterized research on this particular
problem. Harvey (11) cites a stt y reported in 1944 in which it was found that
recognition proficiency did not depend upon whether similar or dissimilar aircraft were
presented together during training. Recently. however, Vicory (16) reported an exte sive
series of experiments in which the opposite results were obtained.

A series of experiments was conducted to evaluate various strategies for pairing
different aircraft and different views during instruction (16). In one experiment, the
discrimination  practice consisted of simultaneous presentations of pairs of (a) highly
stmilar aireraft or (b aireraft wich low similarity. On the end-of-training test, it was
found that recognition accuracy was greater for those trainees who had been instructed
with highly similar pairs of aircraft.

Vicory also evaluated four strategies for teaching diseriminatng cues or attributes by
which aivcraflt can be distinguished. One technique involved teaching only the cues that
discriminated  between friendly and unfriendly airerait. The second technique involved
teaching discrmination between aircraft within a nationality  ciass, the third included
both types of discrimination training, while in the fourth, trainees received instruction in
which no attribute tropvng was given, The vesults indicated that either tecbnigue for
teaching the distinguishing attributes was effective, although technigues that involved
teaching both within and between olass attributes tended te interfere with recognition
accuracy on the profteirney teat, These effects were more pronounced for diseriminations
between hghly siomilar rerafl,

Two strategies for pmrng airevalt images during diserimination training were evalu-
ated n another of Vicory's experniments, In this experiment, the diserimination training
canststes] o presentation of either (a) the same view o different aireralt or (b differem
views of diiferent areraft. Sler trainme, all subjects were given a proficiency test, the
vesults of whiclh indieated that wdentificabion aceuracy wais hygher when the same views of




different aircraft were paired for discrimination learning during training than when
different views of different aircraft were paired.

Another aspect of Vicory’s experiments included an evaluation of the provision of
rule pretraining (prior to formal discrimination learning). Rule pretraining consisted of
instructing trainees in how to use rules to classify and combine aircraft attributes for
making recognition decisions. Vicory’s experiments involved learning to recognize four
aircraft, two U.S. and two non-U.S. Thus, he was able to establish a four-classification
response situation that depended upon the joint values of two independent binary
dimensions. One binary, the affirmational rule, involved bhetween-class attributes (i.e.,
attributes that distinguished the U.S. from the non-U.S. aircraft). Within each of these
classifications a second binary decision, a conjunctive rule, was available to further
distinguish between the name discriminations of each pair of aircraft.

The results of these experiments showed that rule pretraining had some effect for
discriminating between similar views if no similarity cueing instruction had been given.
However, when dissimilar views of different aircraft were provided for discrimination
learning, neither rule pretraining nor the attribute training had substantial effects upon
test performance—although performance did improve when the two were combined. The
greatest inaccuracy on the proficiency test was produced by pairing dissimiiar views of
different aircraft in combination with no preliminary rule pretraining. Under this condi-
tion, a significantly greater number of between-class errors in the recognition judgments
occurred. Rule pretraining substantially reduced between-class errors, but increased
within-class errors.

SELF-STUDY AND SMALL GROUP TECHNIQUES

Aircraft recognition training has traditionally consisted of group instruction using
projected slide images supplemented by individual study of silhouette cards or recognition
sheets. Such training is normally given during formal individual and unit training periods.
Analyses of military training requirements indicate, however, that such group approaches
need to be supplemented by training materials suitable for self-study (or for very small
groups) in a highly flexible training schedule.

In 1971, Miller and Vicory (17} reported a series of experiments designed to
evaluate alternative programs for teaching aircraft recognition using printed visual
imagery, rather than projected imagery. The primary objective of the research was to
identify effective printed self-instructional training programs that could be used to
supplement formal classroom instruction. Six different types of training materials were
evaluaterl:

(1) Multi-Image Cards (MIC). Each of these cards pictured five different views
of one aircraft, along with a brief description of its most distinctive features. The
irainee’s first task was to study each card to get a general concept of each aircraft. Then
he compared similar views of different aircraft across the cards. The MIC was designed to
be used early in training when similar aircraft should be compared for discrimination
learning.

(2) Paired Comparison (PC) Cards. Fach of these cards pictured two, or
occasionally three, aircraft at the same view, Aircraft names were printed under the
pictures on one side of the card, while the reverse side presented the same pictures
without names. The student first studied the paired images along with the aircraft names,
then turnied over the deck of cards to practice naming the aircraft.

(3) Flash Card Drill. Bach cf these cards had a picture of an aircraft on one

side, and the same picture plus the name of the aircraft on the reverse side. There was
one card for each aireraft and view. After attempting to namwe an aircraft by irspecting
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the card, the student turned over the card to reveal the correct answer. In using these
materials, students were instructed to follow a ‘drop-out procedure™ in which a card was
eliminated from the deck after the aircraft view was correctly recognized. The flash card
drill was designed for a more advanced discrimination learning level, since it required
performance under circumstances much like the ultimate test conditions.

(4) Sargeant. The Sargeant procedure for training aircrafl recognition has heen
described earlier in this report. With this procedure, the student first studied the “key
book,” which showed a few views of each aircraft along with a written description of its
distinctive features. Next, the student attempted to identify the aircraft in a second
{problem) book by referring back to the key bhook as needed. The Problem Book
(Book I1) contained the 60 views on which the student would subsequently be tested.
This book had 120 items, each aircraft view being presented twice at various image sizes.

(5) Sorting. Each trainee was given a stack of 60 cards (one card for each view
of each aircraft) and a sorting Doard that had six spaces, one for each aircraft. Above
each space was a written description of the distinguishing features of an unnamed
aircraft, The student sorted the cards into six stacks, one for each aircraft, using the
verbal cues presented. On the second sorting, the name of each aircraft was also exposed
and the student repeated the sorting procedure. On the second sort, the student could see
both the cues and the aircraft names. A third sorting was conducted in which only the
names of the aircraft were visible, but no cues were available for his assistance.

(6) Sorting Game. This was a competitive card game based upon the sorting
procedure just described. The first “hand™ was conducted using the sorting method. then
the game element was introduced On the second hand, each man paired with another as
an opponent and hoth played on a common board. The opponents had their cards in the
same ordinal order. and turned over each card at the same time. The object of the game
was to place each card in the correct space before the opponent. Bonus points were given
for catching an opponent’s mistakes.

The relative effectiveness of these various teaching materials was evaluated on the
hasis of an end-of-training test consisting of a slide recognition test previously used in
HumRRO research. Progress was measured periodically during training by a printed
version of a recognition test. Various combinations of the training materials were
administered to seven groups of students.

A total of 135 men participated in the complete experimental comparison. The
number of trainees assigned to each training condition varied between seven and 18.
Because none of the trainees had previously received formal instruction in aireraft
recognition, their motivation was not expected to be as high as that of men required to
learn aircralt recognition for their military joh specialties. The training period for each
man was about half a day. and covered six aireraft,

The combination of procedures that were evaluated represented various [feasible
training programs, but no one group used more than four of the six types of training
materials. For example, one group of 28 students began instruction with the Multi-Inrage
Cards: moved to Paired Comparison and Flash Cards: practiced with the Sargeant
materials; and were then administered the end-of-training test. A second group com-
menced instruction with the sorting task and then received practice with Paired Compari-
son and Flash Cards, For a third group, Flash Cards were not included in the sequence of
instruction.

The Teast structured training pregram consisted of a sampling of all the materials,
These students were instructed not to spend much time on any one procedure and time
was called in each phase even though several men had not vet finished. This program was
intended to give the students a sample of all the procedures and then administer the
end-of-training test,




Based upon performance on the end-of-training test, the highest average proficiency
level and the least amount of inter-trainee variation in accuracy was attained by Group 1,
which received structured practice involving the Multi-Image, Paired Comparison, and
Flash Cards, as well as a review using the Sargeant materials. The lowest level of
achievement was attained by the group that started out with the sorting task and then
practiced with Paired Comparison cards before taking the final test. When comparisons
were made among the seven training conditions, it was found that Group 1 was signifi-
cantly more accurate than each of the other groups, except the group with the training
condition that heavily emphasized Flash Cards followed by sorting. In all instances,
Group 1 was, however, characterized by a higher achievement level than any other group.

Additional analyses sihowed that the trainees in Group 1 who received Paired
Comparison practice before Flash Card practice achieved higher levels of proficiency than
the trainees who were administered these materials in reverse order (i.e., Flash Card
practice following Paired Comparison training apparently was more effective than Paired
Comparison training following Flash Card practice). Other analyses suggested that the
final procedure used with Group 1 (the Sargeant method) probably could be eliminated,
since there was no additional improvement on the periodic tests given during instruction
after practice with these materials.

It was also found that Group 1 attained their learning goal in the least amount of
time. This group averaged 96% correct recognition following an average training time of
71 minutes—or about 12 minutes per aircraft.
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Chapter 4
RANGE ESTIMATION

INTRODUCTION

This chapter is concerned with several different aspects of distance estimation or
range determination. Man’s ability to estimate the distance to ground targets has heen
widely explored, hut very little is known about the ability of an observer to estimate the
distance to moving aerial objects.

Research on ground-to-air range estimation ability has been characterized by varia-
tions in the definition of the range or distance estimation task. In some research, the
observers have been required to estimate the intervening distance between their position
and a moving target at some random point in time (Wright, 3, Frederickson et al., 4).
Other research has been concerned with estimating the arrival of an aerial object at some
specfied criterion distance or range (McCluskey, Wright, and Frederickson, 18).

S:ill other studies have been concerned with determining stadimetric accuracy: that
is, how accurately an observer can judge the match, or coincidence of, the apparent size
of a moving target and some standard or reference object (McCluskey, 19). The latter
task does not constitute a range estimation task per se. Stadimetric ranging requires the
observer to judge the equality in either the vertical or horizontal substance of two
objects, one of which is changing in its substance (in this case, a moving aircraft).
Stadimetric ranging involves matching apparent sizes rather than estimating the distance
that intervenes hetween an ohserver and some distant object. Since range estimation or
distance determination can be accomplished by stadimetric ranging techniques. research
on the latter method of estimating an object’s distance is included in this discussion.

DEFINITION OF RANGE ESTIMATION ERROR

In common parlance, people may talk about overestimating a distance of under-
estimating a size. In research on distance estimation abilities, there have been conflicts in
the ways in which the terms “overestimation™ and “‘underestimation™ have been used. In
research conducted by Wright (3). for example, if an aireraft at a distance of 15,000
meters was judged by an observer tc be at 12,000 meters it was said that the observer
underestimated the distance to the target. On the other hand, if the aircraft was at
10,000 meters and the obsevver said it was at 15,000 meters, it could also be said that he
overestimated the distance between his position and the target.

In contrast, in studies reported by McCluskey etal (18), some experiments required
the observers to estimale when an aircraft had reached some specified (or criterion)
range, such as 1,500 meters. For studies involving the estimation of specific predesignated
criterion ranges, errors in estimation are caleulated as the actual distance to the target
minus the judged (ie., criterion) distance. For example, i an observer is required (o
estimate an open-fire distance of 800 meters, and he does so when the aireraft s actually
at 1,000 meters, MeCluskey ef @l would suy that the observer had overestimated the
amount of distance consumed by 8OO meters: if the observer signaled that an aireraft was
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at the criterion distance when, in fact, it was at a shorter distance from him, they would
say he underestimated the amount of distance consumed by 800 meters,

For the sake of consistency, the definitions used by McCluskey el «l. for “over-
estimation™ and ‘‘underestimation” will be used in this report. This usage has been
selected because most of the research on ranging has been concerned with observers’
accuracy in judging when specific criterion distances or events have occurred. Relatively
little research has been devoted to evaluating the accuracy of individuals in judging a
wide variety of intervening distances between themselves and moving objects.

The research on stadimetric ranging can also be confusing with respect to the use of
over- and underestimation. When an observer is attempting to match the sizes of a
dynamically changing object and a fixed or stationary obhject, he can, for example,
overestimate either (a) the size of the dynamically changing object or (b) the size of the
static object,

ESTIMATION OF AIRCRAFT DISTANCE

This portion of the report is concerned with the ability of observers to judge the
distance intervening between their position and the location of an object. For example,
an ohserver might be asked to judge the distance hetween himself and a barn or to the
top of a tree. As applied to the aircraft ranging situation, he would be asked to estimate
the distance between himself and the position of an aircraft at one or more times during
its flight path. For example, we might ask, “As soon as you detect it, tell us how far way
it is.” Or, “As soon as you can identify the aircraf*, please estimate its range.” Wright (3)
included distance estimation in the extensive Duna Ana field test described in the
detection and recognition sections of this report.

ACCURACY WITHOUT FEEDBACK

Wright's ohservers were given preliminary training in range estimation, which con-
sisted mainly of practice in estimating distances varying between 350 and 2,000 metess to
ground targets, using the size of familiar objects as ranging aids (e.g., fence-posts), As
described by Wright, the major purpose of this training was to provide the observer with
a basis for establishing or developing a “'reasonably calibrated yardstiek™ to use in making
his estimates during the field tests. In the field test itself, however, there was no
opportunity to provide feedback or target range information to the observers.

During the field test, each observer made three distance estimation judgments during
each flight b a target, subsequent to the detectiog, tentative recognition, and positive
recognition responses. Two-thirds of the distance estimation judgments were made with.
out use of visual aids, and one-third while the observers woere using binoculars for the
detection and recognition judgments,

Observers were Jocated at three positions with vespect to the aiveraft's flight path:
directly underneath, 650 meters offset, and 1,100 meters offset. The results of this field
test suggested that both the use of binoculars and the observer's offset dud affect the
magnitude of the ranging errors, In Wright's study, ranging errors were computed as
estimated  range minus actuad range. Therefore, a distance was overvestimated 36 the
abserver sad the areraflt was further away from him than it actually was. The ranging
error: varied between large overestimates for Uhose observers fovated directly under the
flight path to large underestimates for observers located on offsets from the flight path,
The most aecurate distance estinadions were made by the group with the 650-meter offset,
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The nature of the errors also tended to vary as a function ~° the actual distance to
the aircraft. For distances beyond 3,000 meters, the aircraft’s focation tended to be
overestimated, whereas underestimates characterized range estiinates for the target posi-
tions of 3,000 meters and less, if the observers were located under the flight path or
slightly offset. However, for the observers located at the 1,400-meter offset, all target
distances tended to he markedly underestimated (i.e., aircraft errone: usly judged to be
nearer). Ranging errors also tended to be smaller for observers who used binoculars.

ACCURACY WITH FEEDBACK

Distance estimation was also included in the field studies reported by Frederickson
et al. (). In this field test, observers were positioned alung a line perpendicular to the
flight path at observation posts (OPs) 200, 1,400, 2,600, and 3,300 meters from the
crossover point. Jet fighter aircraft flying at very low aititudes (less than 200 feet) were
the targets. The observers estimated the slant range from their location to the aircraft at
a signal given by test control personnel. The actual ranges to be estimated varied between
1,000 and 5.000 meters, with the maximum slant range increasing as the OP’s offset from
the flight path increased. Both minimum and maximum ranges varied according to the
observers’ location from the flight path. For the 200-meter OP, their range varied
hetween 1.000 and 4,000 meters. For the most distant obhserver location, the 3.300-meter
OP. the true slant ranges varied between 3,400 and 50,000 meters.

This task involved distance estimation, rathar than estimation of the criterion range,
because the observers did not know when the test conirol center would order a distance
estimation judgment to be made. However, the observers did know the minimum and
maximum limits of the slant ranges that would be characteristic for their OP. In this test,
it was possible to provide observers witl: knowledge of results concerning the accuracy of
their judgments. Immediately after the aircraft reached the crossover point, the test
control direcior informed the observers of the actual flight-line distance to the aircraft
from the crossover point at the time the judgment was required. The observers were
provided with a conversion wble for each OP. which permitted them to transform
flight-line distance to the corresponding slant range for the OP. Thus, they were able to
determine the magnitude of their error in judging the distapce to the aircraft, although
this procedure did create a delay in the feedback provided then.

Differences in the type, or direction, oi error tended to vary among the offset
positions. At the 200-meter OP twhich might be considc red almost under the path of the
aireraft), the observers consistently tended to underestimate the true slant range. For
example, they estimaced an aireraft that was actually 1,000 meters awayr (o be, on the
average, 3,200 meiers distant, The results of this field test indicated that the average
error decreased as the observers’ offset increased.

EFFECT OF OBSERVER OFFSET

There was also a tendeney for the varability among observer judgments to decrease
with meveasing offset (Frederickson et af., . The average ervor for the 200-meter offset
wias - 176 meters tan anderestimate), FPhe average algebraie errors for the other three
observer locations were 81, 29, and +53 meters. For the almost head-on observations
(from the 200meter OP), the magnitude of the errors mereased as true slant range
increased. AU the more Lterally positioned OPs, the average errors included overestimae
ttons as well as underestimations: as a result, there was no trend for error magmitade to
change systemat.cally s a function of trae slant runge.




The results of this test were also analyzed in terms of an error dispersion index (DI),
which was defined as the square root of the second moment about O error:

DI =, f"u or DI = ’M*’ + gt

This index provided a measure of the total dispersion of the estimation errors about the
true slant range and reflected biases (that is, consistent errors in judgment among
observers) and error variation caused by individual differences in judgments. The DI
tended to increase in magnitude as the range to be estimated increased. In addition,
except for the observations made at the 200-meter offset, the average judgmental bias
(average error) contributed little to the total magnitude of DI. These results indicated
that the major portions of the estimation errors were due to variations in judgmental
accuracy both within and between the various observers.

re ve

FULL-SCALE TRAINING METHODS

COMPAKISON OF PAIRED-ASSOCIATE,
FEEDBACK, AND STADIMETRIC METHODS

The two major field studies (3. 1) provided both a foundation and a stimulus for
additional studies to evaluate factors that may influence distance judgment errors. Several
experiments were reported by McCluskey et ol (18) that were concerned with acceuraey in
judging criterion ranges such as 100 or 1.500 meters. In one study. the observer’s task
was to estimate when an aircratt had reached a distance of 350 meters. Observers were to
make two 350-meter estimates, one when the aircraft was inbound and one when it was
outhound. The observers signaled the 330-meter event by depressing a pushbutton. This
study of criterion range estimation evaluated two techniques of training men to make
such judgments and a third technique mwolving the use of stadimetric methods of
determining distance. The airevaft flew at a constant speed of 100 knots and altitudes of
175, 300, and 100 feet. The trainees were given 18 practice trials in estimating the
350-meter range for inbound and outbound aireraft.

One group was taught by a paired-associate training method. [n this method, the
instructor announced slant ranges of 150 meters diminishing to 250 meters for both
meoming and outgoing directions of the aireraft. Students were told to attend to the
apparent size of the aireraft and to try to remember fs appearance at a criterion distance
of 350 meters,

A second  training method  involved immediate reinforcement or feedback. The
trainees in this group were informed that as the aireralt passed over they would be told
to make a distance judgment at two different times -one as the aireraflt wis meoming and
ane as it wis outgoing, On comnrand, the trainees were to estimiate the distinee 1o the
dircralt, Immediately after they had recorded thetr answers on a score sheet, they were
i formed of the correet distance of the arrepalt at the time they made ther estimate,
random sequence of aireraft distinees, varying between 250 and 150 meters, wis ysed
during the training trads, Two-thirds of the Judgments durmg practee were reqiared when
the wireralt was either at 300, 350, or 100 meters shime e,

A third group of observers eiploved  stadimetyie ranging technrgues, using thew
tndex finger held at arm’s feagth as o ranging aud, Using ths finger oceluston techimqgue,
the third group observed the fhght of the wreralt an t heard snnouncements of the stant
ranges as She arendft moved toward and away from ther position. Their Gisk was to tey
to remember how much SF the areralt was oceluded by the ndes fuger when o range of
S0 melers wis announeed,
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Prior to receiving any training, each of these groups had been administered a
preliminary test to evaluate their baseline performance level, After training, there was a
statistically significant difference between the pretest and an end-of-training test for all
three groups. The average error during the pretest was +229 meters for all conditions and
both directions of flight, whereas the post-training test had an average error of +53
meters. There was, however, a significant difference hetween the error magnitude for the
incoming and outgoing directions, which occurred for both the pretest and the post.
training test.

The magnitude of this error varied with the training condition. The students who
had received either the immediate reinforcement or the paired-associate training had an
average incoming error of approximately 150 meters. The direction of this error was
defined as an overestimation since the observers apparently erced in their judgment of the
amount of space covered by 350 meters. The average outgoing error was approximately
—50 meters, that is, an underestimation. in contrast, students trained on the stadimetric
ranging method (finger occlusion) had average errors varying between +68 meters for
inbound flights and —60 meters for outgoing flights. When averaged over both flight
directions, this training technique and job procedure had the smallest net error of the
three techniques evaluated.

ALTITUDE AND ILLUMINATION

A second experiment was later conducted to evaluate the ¢ffects of two factors that
could, potentially, influence estimation accuracy—aircraft aititude and amount of illumi-
nation at the eye. The aircraft flew at approximately 100 knots at two altitudes, 75 feet
and 400 feet, corresponding to target elevation angles of 9 and 55 above the horizon.
Two levels of illumination at the eye were achieved by the use of variable density
goggles. Performance under normal daylight conditions (approximately 1,500 to 2.000
foot-lamberts in the southwestern United States) was compared to a condition of reduced
iHumination that approximated an overcast day. This was achieved by adjusting the
variable density goggles to near maximum polarization. The light transmitted through the
goggles was then approximately 5% of the ambient ilumination.

The observers were required to estimate when an aircraft had reached a distance of
350 meters from their position. The observers used in this test were the same as those
who had received the three different training and/or aiding techniques described in the
previous paragraph. The results of the experiment indicated a statistically reliable differ.
ence in the error magnitude for the two target altitudes. The mean error was +88 meters
for low clevation and +32 meters for high elevation. The overall mean errors were +140
meters for incoming estimations and =21 meters for outgomng directions.

No significant differences vwere found between the two illumination levels. The
rescarchers noted that the magnitude of the incomingoutgoing difference in error was
less when the target was at high elevation, which suggestd that aireraflt elevation may
have been partially responsible for bias observed in the previous tests,

USE OF HELICOPTORS IN TRAINING

Additional training experiments were conducted to obtan further evaluations of
uniided  estmates of criterion ranges. The ecarbier experiment had  evaluated  pared.
associste and immediate reinforcement techniques using relatively slow aircraft and a
cnterion range of 350 meters during trimning and tsting, The later research made further
comparisons of these two traming techmiques for eriterion ranges of 100, 800, 1,500, and




2,500 meters.  This training experiment used jet aircraft at altitudes of approximately
100 feet.

Twenty-eight men participated, 14 for each of the two training methods. Each group
was further subdivided into two sections. One section in each training method was given
preliminary training involving the use of helicopters to provide a relatively stationary
target for initial learning. Although a pretest was scheduled prior te the conduct of any
training, instrumentation failure at the outset of the experiment resulted in a loss of the
pretest data.

Following training, each group was given a post-training test on a terrain area
different from that used during training. This was done because the results of an earlier
full-scale field study { 1) had indicated that terrain features may he used as cues hy
observers to determine criterion ranges, and it was desirable to eliminate familiar terrain
cues (e.g.. those that may have been used during training) for the end-of-training tests.

Each trainee was required to learn to estimate the four different criterion ranges.
During the test, each trainee was required to make two estimates of one of the ranges
each time the aircraft flew over—one for the incoming and one for the outgoing
direction. The specific ranges required on a given flight were announced prior to the trial.
The observers received extensive instruction, consisting of 36 training trials cach day for
three days, plus a daily proficieney test consisting of 12 additional trials.

This training experiment involved a combination of the characteristics of both
criterion range and distance estimation tasks. Although the research objective wa- aimed
at determining the  ffects of training methods on criterion range estimation, the training
methods used required the observers to make distance estimations that varied about the
criterion ranges. For example, the observers receiving the immediate reinforcement
training were told to make an estimation, upon command, at two different points during
the pass of the aircraft—one incoming and one outgoing.

The instructor gave a ready signal approximately two seconds before  saying,
“Estimate now.”™ Upon hearing this command. the observers recorded their estimate of
the aircraft’s range at that instant. \fter the trial had been completed, they were told the
correet range. One-third of the triuning trials involved estimates of the urcraft pasition
when 1t was at one of the four eriterion ranges. On two thirds of the triads, the “Estimate
now” command was given when the wreralt was at preater or lesser ranges,

For the paired-associate training, a series of [ive conseculive ranges wias mnounesd
for both incoming and outgoing dircetions of the mreraft, Each series consist el of one of
the four enterion ranges gecompanied by the hracketing ranges, Observers woere reguested
to pay attention to the apparent size and distance of the atreraft as the ranges wepe
announced and ta “keep i mand” the ranges they wers bemg tramed to estimate the,
the criterion ranges).

For those men who receped the stipplementary helivopter mstruction, one third of
the trals on each day were conducted at a separate tranmg facibity, which used the
hehbcopter as a target. The trainig procedures using the helicopter were the Lamie as thowe
used with the jet aircraft, except that the helicopter mstrurtion involved obsercstion of
the essentially stattonary aetial target. Students i the behcopler trsmnmg gronps wene
mformed  that the jet areraft would be approvumately threse tanee as large as the
heltcopter; otheywise, the astnietions for both the mmmedhate remforcement and paasredd.
asoviate traming  methods were bke  those  pecened by obarvers not having  the
supplementary matruction,

AMalysas of the postiranung test gnen on the fingl dayv dioved so agnificant
difference hetween the fwo groups tramed with only the gt arersft A agnificant
differenice was found between the tuo framing methods fof the swxfions that Fad recenod
the helivopter mstruchon. Thow who had belcopter mdmiction m combnation with
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paired-associate learning tended to substantially underestimate the greater criterion ranges,
whereas  those who received the  helicopter-supplemented,  immediate-reinforcement
training tended to overestimate these distances.

For shorter distances, there were no appreciable differences among training proce-
dures, whether supplemented or not. In addition, there was an interaction between the
criterion range involved and the flight direction of the aircraft. Although the criterion
ranges of 100 and 2,500 meters tended to be underestimated for both flight directions,
the other two eriterion ranges (800 and 1,500 meters) were overestimated for incoming
and underestimated for outgoing flights.

Aircraft altitude again had an influence upon error magnitude; the distances o
aircraft flving at an altitude of 750 feet tended to be overestimated to a greater extent
than for aircraft at 250 feet. Further evaluations of training methods suggested that the
stpplementary helicopter instruction may have tended to increase the accuracy of judging
relatively short criterion ranges, but tended to produce estimation errors for 1.500 and
2,500 meter ranges. In general, the immedizte reinforcement instructional method
produced the smallest judgmental errors. This experiment suggested that approximately
100 training trials were required to learn to estimate all four criterion ranges with
reasonable accuracy. However, since additional training was not provided, it was not
known whether further increases in average accuracy and decreases in individual differ-
ences would have resulted if additional instruction had been provided.

TRAINING IN MINIATURIZED SITUATIONS

The use of miniaturized, or reduced-scale, facilities for training in distance and
criterion range estimation was included in the studies reported by MeCluskey et al. (18).
A small-scale pilot study, using a 1:50-scule reduction of range estimation situations, was
conducted in conjunction with the comparison of training methods reported in the
previous parggraph. In the pilot study, five observers were trained by the paired-associate
method to judge five distances that bracketed the four cnterion ranges of 100, 800,
1500, and 2,300 meters. A 1:30-scale model of an F-100 gireraft was employed as the
ranging tanget. The maodel aireraft was fixed to the tap of a stationary pole, and the
observers walked toward or away from it as the vagious incoming and outgomng mnges
were announced.

Following this training, which consisted of 36 practice trials, the ohswervers were
tested in g fullweale envitonment, and the results of ther post-traming tests were
compared with the results from obsirvers who had heen traned in a comparable full.scale
environment. Statisbical analyses af the two groups (reduced seale vs. fullscale traming)
ntheated that the judgmental errors were  consistent except for one distance, 1,500
meten inbound. For that test conchtion, the observers who had received redyced-scale
tramng fad svatematiceally larger errons than those who had meeeived fulloscale fratnng.
With this exception, the plot shudy suggested that neduced-seale traming was a feasihle
method far developmg skill i enterion range eshimation. Even in thas seduced sczle
iranung situation, lage cstimation crrors were asociated with the  movement of the
mbound aremft, amilar to that wheeh had occurted for ohservers reeeiving full.geale
traimng hy other methods of nntruciion.

The resuits of the pmict study staulaird 3 greater mleresd in the {easinity of
rmploying reduced-wale, of mmnmaturized, approsches o traming mange oslimation. A
bsequent expeninent, also reparied by MeClikey of of. (18), used fwo mcthods of
esimating crtenon ranges, it used 2 teduced seale traming cnvitonment . In this e pRn.
ment, 1he immediate remforocment frasming method was raployed, in comunction with
two approaches (o nducing range cstithation ortars, particulatly those assoctated with the




inbound or head-on view of aircraft, The pilot study indicated that the inbound estimates
were greatly in error in that the observers tended to overestimate the criterion range
required, One technique to overcome this constant error was to deliberately bias the
training of inbound criterion range estimaiions, by employing a false or biased scale
during the training program,

A second group of observers were tramned to make the distance estimation observa-
tions while viewing the aircraft through a partially closed {ist with about a dime-size
aperture at the far end. This resulted in the observers using monocular vision in viewing
the aircraft with a reduced field of view. The aperture aiso provided a stadimetric aid for
comparing the apparent size of the aircraft with the diameter of the aperture.

Both groups of observers were also instructed to attend to the size of the aircraft
and to pick out distinguishing features that were visible at the various training distances.’
Both groups viewed the model monocularly during training. Again, the aircraft was
stationary and the observers moved toward and away from the model. Each observer
estimated each of the four criterion ranges, first inbound and then outhound. During
each trial and following each estimation judgment, the observers were informed of the
correctness of their response. The results of a subsequent full-scale test were analyzed
statistically, and it was found that learmning bad occurred as a result of the training
experiences for hoth groups. However, the average error for those using the stadimetric
aid telosed fist) was significantly smaller than for the observers who were trained by the
biased training method. Again, it was found that range estimation errors for the
mcoming, of head-on, aspects were significantly larger than for the outgoing direction.

USE OF THE RIFLE AS A STADIMETRIC AID

The final experniment in this series of training research studies involved determining
how many training trials were required for ohservers to learn to estimate a single scale
distance of 330 meters, while using a stadimetric ranging technique. The stadimetne aid
in this case consistid of a replica of the {ront sight guard of a military rifle. AH traming
was conducted on a miniaturized situation using 1'72.scale models of aircraft that were
moved on an electnically powersd carriage.

The model aireraft was moved at o scale speed representing 100 knots and the
ohservers were stationed at distances scaled to represent 0., 100., 200, and 300.meter
offsets from the target path, The training method employed immediate knowledge of
results, which followed cach observer’s judgment of the cntenon range. In this stuation,
mstrumentation was devised so that when the observer made 3 cnterion fange judgment,
the aircraft movement was tepmmaied and the actuadl distance of the aircraft from the
ohbserves was announced.

If the sstimate was wrong, the target was then moved te the comrect possiton to
provide apporiunities for addibional observation by the tramnees using the stadimeter. The
acrurgey of thew judgments followmg traming was tested i 3 transder study, again usng
shosdel awerafl, which iachuded scale models of four tacties! jetis that caried in fusclage
losigth and wingspan. The fesdt resylts did oot show any significant vanation in error
assoctatcd with the size of the aincraft. {1 ihn ted situgtion, the onlgomg range juxigment
ctrars were fosid to e dgmificantly lagey than e icoming evrors. There was 3ia 3
ugilicant vanation m accuracy s 2 funchion of the abrerver’s offut.

The wwommg Judgments of crilenon fage wetr cansierably mote accuraic than
had heen olserved previoudy m {ullaczie and mmatunaoed  stwdics. This ercaad
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accuracy was attributed to the use of an indoor testing situation, which could have
provided visual “anchor points” for judging the relative distance from the observer to the
target. Offset also influenced the accuracy of the judgments of criterion range. The
judgments tended to be underestimates for the first three offsets (0, 100, and 200
meters) and then shifted to overestimates for the 300-meter offset.

Several additional criterion range estimation studies were conducted by HumRRO.
McCluskey (19) reported on these studies of various aspects of stadimetric rangting
techniques using reduced-scale facilities and immediate knowledge of results of error
during the training program. The training was accomplished in a reduced-scale environ-
ment. End-of-training tests used fudl-scale test facilities with F-100 jet aircraft at altitudes
of 150 feet and a speed of 400 knots. The training program used a 1/48 reduced-scale
simulation of these parameters. During training, the model aircraft were mounted on
horizontal bars affixed to and transported by a panel truck. The stadimetric ranging task
was accomplished using shoulder-supported weapon mock-ups.

These studies were designed to evaluate training for one specific criterion range,
1.500 meters. Each weapon mock-up had a flat, black metal post at its terminal end that
simulated the forward gun sight guard of a weapon. One experiment was conducted to
evaluate whether the feedback provided during instruction was qualitative or quantitative
information. Results of the full-scale testing indicated that the rate of tearning was
comparable for the two methods and the test performance showed no significant differ-
ences between the two training conditions.

A second expennment evaluated the accuraey of criterien range estimation in a
full scale environment following training in a reduced-scale situation. During training,
observers were given qualitative information on the magnitude of their errors fie., they
were informed whether they had fired too snon, too late, or correctly for 1,500-meter
engagement  distance). Following the instructional period, the trainees were given a
reduced-wale criterion test, then tested, and retested 24 hour later, in a Ffull-seale
environment. The retesting was done te provide prelimmary information on short-term
tetention of the accursey of stadimetnic maging skills. Analysis of the test results
mchicated that accuracy varied over the tests and abo as a function of the direction of
flight. The average crror for incomng targets was +10 meters across all tests, a siight
overestimation of critenon range, whereas for oulgomg targets, the error was —171
meters. Cuntously, the magmtude of errors for both mcoming and oytgeing tamets was
essentially the same for tine reduced-seale tests, whereas for the two fullscale tests, the
errors were sigmificantly bess for incomimng than for outgoing targeis. On the average, the
observers underestunated outgomg distances by approximately 200 metess or more on the
fullsale tesds,

RETENTION OF STADIMETRIC SK:LL

A thitd experument reported by AL Clskey (1™ was concertied with longer-ipin
refentian of stadimeine ranging frammg. The reswarch dessgn provided for reduced scale
tramning, followed hy a peducediscale ted, and, 30 days later, by 3 fullscale field tost,
The fullucale fiedd test wae then supplemented by additonal traming and another
fullarale teot o coaluate the effectivenics of retedial indraciion cn error magmitnds.

in the thurd caperunent, 36 obswenens wete Uased 1 3 reducediscale sijuation.
Thew absenvers were i traming o be orewmen of 3 jorwand ares 3¢ defeace weapon n
which ground-fo-amerafl ranging was a requtafe skill. Thityfwo of fhese observsrs were
available 30 days lalet o fake e fullsaale refrntion ied. For unesplamed reacans, the
relreslicr travung used 3 pairedauociaty wnttucizonad method, whercas the orgmnal
iramning. had mvolved the mmediate foodback fechnague. The range edimation Judgments




obtained in the reduced-scale test and the two field tests were analyzed to evaluate the
effect of test conditions and the direction of movement of the target. When averaged
over the three tests, the magnitude of the error was significantly smaller for incoming
aircraft (+55 meters) than for the outgoing aircraft | -165 meters).

Although not discussed by McCluskey, the analysis also indicated a statistically
significant interaction between the errors associated with flight direction and the repeated
tests. Although hoth field skill tests produced buger judgmental errors than the reduced.
scale lest given winediately following training, the nature of the ervors during the
full-scale tests and during the reduced-scale test differed.

In the reduced-scale test, errors of judging incoming and outgoing criterion ranges
were underestimations of the true criterion range. In contrast, the underestimation errors
associated with the outgoing distance increased from approximately 75 yards, charac-
teristic of the reduced-scale test, to over 200 yards for the rirst full-scale test, and to
approximately 200 yards underestimation for the second full-scale test. Paradoxically, the
judgmental errors for incoming awrcraft shifted from a negligible underestimation for the
reduced-scale test to overestimations of approximately 50 meters for the first full-scale
test and more than 100 meters for the second full-scale test.

From these results, it appears that the refresher instruction given between the twe
full-scale tests tended to increase the judgmental errors for inbound targets. When the
avergge estimation errors for the full-scale test administered 30 days following completion
of training are compared with the estimation errors for the observers at the beginning of
training, it is apparent that the judgmental errors associated with outgoing targets
reverted to the levels characteristic of untrained observers. In each instance, the observers
had average ervors that underestimated the true criterion range by 150-2090 meters.

Paradoxically, the judgments during the retention test of the criterion range of
inhound targets did not revert to the error levels characteristic of the observers at the
beginning of instruction. At the outset of training, the observers’ average errors had
fluctuated widely, from approximately 200 meters underestimation to essentially no
error. The initial retention test, however, was characterized by 3 negligible average error
in the estimation of criterion range for inbound targets

GREATER ERROR FOR OUTBOUND FLIGHT

This tendency for estunation of outhound criterion ranges fo be grossly in eyror
and highly unstzbie was charactenstic of wverad of the later expeniments reported by
MeCluskey «f gf (18) and McCluskey 1191 The carlier expenments that involved vara:
tionn of tramiag methods and use of fullscale enviponment tended to produce aver
extipations of inbound lagets and vither accurate sbimat s of underestuuaizons of
the outgaing arcraft. The leter studies tha! employed  redusedescale trmming and
staditmetne aids for criterion range determination tcnded to be charactenzed by gros
vaderestimations of the oulgomng ranges, srespective of the cnlenion range to e
estimated,

Although  simbmelntc adding Guuded o produ-c accurate editmaies of mbournd
ctiterion tanges, $iese abds did not overcome the tendency for oulgoing estimaies fo be
groatly uyndenastishated. For example, the last experiments sepotied by McCluskey for
determining a critenton range of 1,500 meters were charzcietiand by underestamations of
outgoing raage of 200230 melers that i, when the ainoraft was aciyally 1,250.1,300
faeters distant, the observer signaled # was al 1,500 melers.
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LABORATORY SIMULATION OF STADIMETRIC TASKS

In 1972, Ton reported laboratory experimentation that attempted to determine the
factors that cause underestimation of outgoing criterion distance.? These experiments
used an electronic simulation of approaching and receding aircraft. The target was a
narrow horizontial bar presented on a cathode ray tube. The bar targets were programmed
to either increase or decrease in magnitude, and the rate of change in size (speed) could
be varied.

Observers viewed the target monocularly through a one-inch aperture. An illumi-
nated stadimetric aid having a horizontal subtense equal to the wingspan of an F-100
aircraft at 1,500 meters was positioned in a light-proof box between the observer’s eye
and the cathode ray tube display. Observers were instructed to signal the coincidence of
the size (horizontal extent) of the variable target and the stadimetric standard.

Earlier, McCluskey (19) had hypothesized that the observed incoming-outgoing
difference in accuracy would decrease with decreasing aircraft speed, and as the range to
be estimated increased. This hypothesis was based upon an analysis of the rate of change
of aircraft subtended angle as it approached or receded from the observer. For an
inbound target and a criterion range of 1,500 meters, the rate of change of the visual
angle subtended by the horizontal dimension of an aircraft changes relatively slowly and
with a more or less linear rate prior to the criterion range. That is, the apparent
acceleration of the aircraft is constant anc low.

in cortrast, for an outgoing target (receding stimulus size) the apparent size of the
aircraft experiences more rapid decelerations prior to the criterion range of 1,500 meters.
McCluskey speculated that the difference in rate of change of size of the target prior to
the criterion distance influenced the accuracy of judging the coincidence event, since the
observer presumably must anticipate the criterion (coincidence) event in order to
minimize errors in signaling such coincidence. Since, for outbound targets, the rate of
change in size of the aircraft is relatively great, it was hypothesized that the observers
would anticipate the coincidence event earlier than they should or would if rate of
change was linear or low. The relationship between change of target size and target
distance is shown in Figure 8.

Ton conducted an experiment to test this hypothesis. He simulated target speeds at
200, 300, and 400 knots for approaching and receding aircraft. The direction of
movement ard speed were varicd randomly over trials, and observers were instructed to
sig ial the coincidence event for both approaching and receding target sizes.

Averaged over all target speeds, the accuracy of the coincidence judgments for
inbound targets was quite high; the difference between the average error and the criterion
distance was not significant. There was, however, a significant average error for the
receding or outbound targets. On the average, judgments of the coincidence of the
receding and standard stimuli erred by a time interval that would produce a 200-meter
underestimation of criterion range. The magnitude of this error was comparable to that in
previous full-scale field studies. Variation in target speed, however, did not influence error
magnitude.

Since this approach to simulating the range estimation task did produce the differen-
tial error levels associated with ascending- and descending-sized targets, it may be inferred

2« An Investigation of the Sources of Error in Stadimetric Range Estimation,” unpublished manu-
seript by William H. Ton, HuamRRO Div. No. 5.
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Figure 8

that the laboratory experiment did capture critical variables associated with full-scale
criterion range or judgments. Assuming that the laboratory simulation provided a valid
abstraction of a range estimation task, McCluskey’s hypothesis concerning the relationship
between error levels and aircraft speed is not supported by Ton.

Additional experiments are being conducted by the author of this report to evaluate
the effect that target motion or movement has on the accuracy of such coincidence
decisions. These studies will also examine the effect upon error rates of using different
types of stadimetric aids, since it is possible that the results obtained by McCluskey and
Ton arc at least partially attributable to design characteristics of the device used for
making the comparison decision. In at least a portion of the future experiments, dynamic
target motion will be eliminated for some experimental comparison purposes, to be
substituted with graduated changes in target size.

FACTORS THAT AFFECT ACCURACY

A review of the available literature on distance estimation, criterion range judgments,
and stadimetric ranging (coincidence judgments) indicated that no researcn has found
error-free vanging behaviors, Although training methods and other factors have been
varied and relatively large numbers of subjects have been used (in some cases), the
average estimations for a group of observers always deviate significantly from the true
physical range or distance. Estimation errors associated with incoming vs. outhound, or
ascending vs. descending-sized targets have been discussed. Earlier research by McCluskey
et al. (18), which has already been discussed, included target elevation angle and ambient
illumination ievel as potential factors that might influence ranging accuracy.
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ILLUMINATION LEVEL

The one reported experiment on illumination level varied the amount of light
reaching the eye by requiring observations to be made through polarized glasses. Even
when the amount of light reaching the eye was attenuated by 95%, there was no effect
upon ranging errors, as compared with normal daylight illumination levels (18).

TARGET ALTITUDE

The effect of target elevation above the horizontal plane has been examined for only
a relatively short distance judgment—350 meters (18). After observers were trained to
estimate a criterion range of 350 meters, using targets with high and low elevation angles
and four different training procedures, the observers were tested for their accuracy in
estimating this range for targets with elevation angles of 9° and 55° ahove the horizon. In
this experiment, the average error magnitude associated with low targets (low visual
angles above the horizon) was greater than for high altitude targets.

The results of this experiment also suggested that the difference in estimation errors
associated with high and low elevation targets varied as the function of the method uvsed
for teaching criterion range estimation. The observers used in this experiment had been
trained by several different training techniques: immediate reinforcement, paired-
associate, stadimetric, and uncontrolled practice. Although this aspect of the results was
not discussed by the authors (18), the estimation errors characteristic of the observers
who were trained to use a stadimetric technique for criterion range estimation showed a
patiern of errors that differed from that displayed by observers trained by the other
three techniques. Except for those trained in stadimetric methods, the high elevation
targets tended to produce larger errors in estimating inbound ranges than outbound,
particularly under conditions of low ambient illumination.

Just the opposite results occurred for the finger occlusion technique. However, with
this technique, the errors associated with low-altitude targets were greater for estimates of
inbound than outbound targets. Since this experiment was conducted early in the
research problem concerning the accuracy of distance estimation, the vanation in the
error pattern that occurred for stadimetric ranging apparently was attributed to experi-
mental error or artifacts in the results. These early results, however, tend to be consistent
with later results obtained by the same researchers concerning the relative accuracy of
stadimetric estimates of outbcund versus inhound criterion ranges.

ESTIMATION ACCURACY AND OTHER SKILLS
TIME ESTIMATION

In conjunction with Ton's research on the effect of target speed on the accuracy of
criterion range estimation, he also conducted studies to wdentify visual skills that may be
related to the accuracy of criterion range judgments. e hypothesized that accurate
anticipation of the coincidence hetween variable and fixed stimuli was related to accuracy
in an individual's ability to estimate time intervals. He hypothesized that correct anticipa-
tion of coincidence was based upon an accurate interpolation of targel velocity based
upon its movement history. Perception of target velocity, in turn, was hypothesized to be
based on an internal integration of stimulus movement over time. That is, an individual
who possessed an aceurate “timessense” would produce more aceurate estimates of
coincidence events of the type associated with stadimetric ranging.
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Ton conducted two experiments that required the observer to duplicate the time
intervals that elapsed between two auditory signals, using intervals of 8, 11, and 16
seconds. After the second signal was presented by the experimenter terminating the
standard interval, the observer was asked to initiate an identical interval by pressing a
switch and then performing a number cancellation task that was intended to prohibit
internalized counting. When the observer judged that the time interval was equal to that
presented by the experimenter, he again depressed a switch. The errors in duplicating the
presented time intervals were subsequently correlated with range estimation errors.
Neither experiment yielded a significant correlation between these perceptual measures.

FLICKER FUSION

Ton also investigated the relationship between range estimation errors and flicker
fusion, another measure of perceptual time-sense. The flicker fusion frequency is the
frequency at which an intermittent, or flickering, light is perceived as a steady light. Ton
used a circular flickering field that subtended 2° of visual angle against an illuminating
surround subtending 30° including a fixation point in the center of the flickering field.
[Mumination of both the flickering target and its surround was fixed at 40 foot-lamberts.
With this apparatus, Ton measured the frequency at which the flickering light was
perceived, by each observer, as a steady light. The converse transition was also deter-
mined and the average frequencies were computed. These flicker frequencies were then
correlated with range estimation in two experiments, but neither experiment produced a
reliable correlation between these two perceptual measures.

PERCEPTUAL STYLE

Ton also studied the relationship between estimation and other visual-perceptual
measures, such as perceptual style and visual acuity, but again found no relationship
between these measures anu estimation errors.

Ton’s results tend to suggest that variation among individuals in their ability to
estimate criterion ranges is unrelated to other aspects of visual or perceptual efficiency.
Ho\ever, supplementary analyses of Ton’s results, by the present author, leave open the
possibility that variation in range estimation and accuracy within an individual is itself
highly variable. That is, the results obtained by Ton for his criterion estimation task
} indicate that his various observers were relatively unreliable in judging the coincidence
events.
‘: A reliability coefficient of approximately .57 was obtained through supplementary
3 statistical routines on Ton’s analysis of variance results. Since the measure to be pre-
9 dicted, criterion range estimation, was not itself highly reliable, atiempts to identify
factors related to stable differences among individuals in this skill would be thwarted.
Additional research concerning individual differences and ability to estimate criterion

3 range seems to be needed, using observers who, through training and practice, have
% become stabilized in their ability to interpret their estimate of the coincidence event.
3 Only after individual errors in coincidence event determination have become stabilized
' . would it be possible to seek the identity of other factors that may be contributing to

variation among individuals in their judgments of criterion range events,
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